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\TRODUCTION  TO  FIRST  EDITION 


T«..Qent  of  flight  by  man  after  ages  of  disappointment  has  so 
arv  iie  imagination  and  the  interest  of  the  public  that  a  great  demand 

has  been  created  for  works  treating  on  this  subject.  A  number  of  authors  have 
attempted  to  supply  this  demand.  Some,  having  no  real  historical  or  scientific 
knowledge  of  the  subject,  have  been  compelled  to  draw  their  materiab  from  the 
imaginative  stories  of  newspaper  writers.  Others,  with  some  knowledge  of  engi- 
neering and  physics  but  with  no  practical  experience  in  aeronautics,  have  fallen 
into  serious  errors  in  their  attempts  to  explain  the  principles  of  flight.  This  has 
resulted  in  the  publication  of  a  great  many  works  that  might  better  have  been 
left  unprinted. 

%  At  the  request  of  the  author  I  have  looked  over  some  of  the  proofs  of  the  present 

work.     On  account  of  lack  of  time  I  have  not  been  able  to  read  all  the  chapters 

as  I  should  like,  but  those  I  have  examined,  such  as  the  chapters  treating  of  the 

work  of  the  early  experimenters  and  the  present  status  of  the  patent  litigation, 

are  remarkably  free  from  the  errors  usually  found  in  aeronautical  works  of  this 

character.     The  story  of  the  early  work  of  my  brpthfjr  and  myself  is  also  correct, 

•    -  •      '        '        .  •*     '  < 
an<i  Ls  taken  almost  verbatiifi*  frbm  &r  'article  writt^iA.  by  us  several  years  ago  for 

the  Century  Magazine.     The  chapter '(Jh"  flie  pl^Vcnt  litigation  Ls  the  best  and 

.     »'     •  !■'■'■ 

clearest  presentation  of  the  legal  aspeet  of  Ih^  fetlDJfect  that  has  come  to  my  notice. 
If  the  portions  of  the  book  whicih  I  hfsvp  hfTti^jCatmrned  have  been  prepared  with 
the  same  care  and  accuracy  as  those  I  have  read,  I  am  sure  the  work  will  be  a 
valuable  addition  to  the  literature  of  Aeronautics. 
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IHTRODDCTION  TO  SECOND  EDITION 

AFTER  vainly  atumpiing  to  fly  for  centuries,  duriog  which  time  the  world 
■I  lar^e  riiUrul«]  the  idea,  man  succeeded  in  his  conquest  of  the  air  only 
■  fiul  tlut  th«  Limes  were  really  not  ready  for  it.     Interest  in  aviation  vM 
i  during  what  may  be  termed  the  exhibition  period,  extruding  from 
»  1913  and  culminating  in  the  latter  year.    The  man  in  the  street,  a 
e  co^neer,  wilb  willing  to  take  newspaper  accounts  ut  their  face  value,  hut 
I   visual  proof  lo  be  actually  convinced   that  AiKht  was  posaiblr 
e  it  hod  been  given  him,  he  lost  all  interest  In  it.    Early  exhibitions  drow 
B  chieHy  from  curiosity,  but  that  incentive  waa  not  strong  enough 
■  bring  tliem  more  than  once.     Briefly,  this  explains  the  status  of  the  art  about 
B  eod  of  1912,  at  which  time  the  first  edition  of  this  work  appeareil. 

tt  the  Bticeenditig  two  years,  interest  in  aviation  in  this  country  was  at 
Tlum  came  the  world  war  which  immediately  brought  it  into  promincDco 
Bod  hw>  done  more  to  advance  it  than  possibly  could  have  been  done  by  half 
^^eoilury  of  peaceable  developraeJit.     At  the  time  the  first  eilitioti  was  published, 
^^^knat  GCntersd  quit«  as  much  in  the  patent  situation  and  in  the  history  of  tbi 
^^^B  that  1k1  up  to  the  nltaicment  of  flight  as  in  flying  itself.     The  impi>rt.ance 
^^^tibt!  fourth  arm  in  prtscni-day  flghting  has  relegated  these  to  the  background, 
^^B  tfai*  edition,  attention  has  been  centered  upon  the  military  aspects  of  &\ 
^^Bpather  with  the  amaiing  development  of  speed  and  weight-carrying  that  the 
wnccntralioQ  of   the   world's  best  engineering  talent  plus  unlimited   flu 
M  hare  brought  about. 
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DIRIGIBLE  BALLOONS 


INTRODUCTION 

Of  the  first  attempts  of  men  to  emulate  the  flight  of  birds,  we 
have  no  knowledge,  but  one  of  the  earliest,  perhaps,  is  embodied 
in  the  myth  of  Icarus  and  Daedalus.  Xerxes,  it  is  said,  possessed 
a  throne  which"  was  drawn  through  the  air  by  eagles.  The  Chinese 
hkve  aometunes  been  given  credit  for  the  invention  of  the  balloon, 
as  they  have  for  many  other  scien- 
tific i&coveries.  It  is  related  that 
a  balloon  was  sent  up  at  Pekin  in 
celebration  of  the  ascension  of  the 
throne  by  an  emperor  in  the  be- 
ginning of  the  fourteenth  centur>'. 
Eaiiy  Attempts.  Leonardo  da 
Vinci  devoted  some  time  to  the 
problem  of  artificial  flif^ht.  His 
sketches  show  the  details  of  bat- 
like «ings  which  were  to  spread 
out  on  the  downA-ard  stroke  and 
ft^  up  with  the  upward  stroke. 
Francisco  de  Lana  planned  to  make 
a  fljing  ship  the  appearance  of  which 
was  somewhat  like  that  shown  in 
Fig.  1,  by  exhausting  the  air  from 

metal  spheres  fastened  to  a  boat.  The  boat  was  to  be  (•(iui|)])cil 
nith  oar^  and  sails  for  propulsion  and  guiiling.  Tlic  mctliiKl  in  wliiili 
he  purposed  to  create  the  vacuum  in  the  .splu-riTi  consisted  of  fillint: 
them  with  water,  thus  driving  out  the  air,  then  letting  the  vviitcr  niii 
out.  He  thought  that  if  he  closed  the  tap  at  the  i)rop('r  time,  tlicrt' 
would  be  nnther  air  nor  water  in  the  sphen-s.  His  fl\inK  sliip  wa- 
ne\-er  constructed,  for  he  piously  decider!  that  Clod  would 
permit  such  a  change  in  the  affairs  of  men. 


2  DIRIGIBLE  BALLOONS 

The  First  Flying  Machine.  In  1781,  Meerwein  of  Baden, 
Germany,  constructed  a  flying  machine,  and  was  the  first,  perhaps, 
to  intelligently  take  into  account  the  resistance  of  the  air.  He  took 
the  wild  duck  as  a  basis  of  calculation,  and  found  that  a  man  and 
machine  weighing  together  200  pounds  would  require  a  wing  surface 
of  from  125  to  130  square  feet.  It  is  of  interest  to  note  that  Lilienthal, 
who  met  his  death  in  trying  to  apply  these  principles,  over  one  hun- 
dred years  later  found  these  figures  to  be  correct.  Two  views  of 
•Meerwein's  apparatus  are  shown  in  Fig.  2.  The  construction  involved 
two  wood  frames  covered  with  cloth.  The  machine  weighed  56 
pounds  and  had  a  surface  area  of  111  square  feet.  The  operator 
was  fastened  in  the  middle  of  the  under  side  of  the  wings,  and  over 


Fig,  2.     Meerwein  Fljing  Machine 


a  rod  by  which  he  worked  the  wings.  His  attempts  at  flight  were 
not  successful,  as  his  ideas  of  the  power  of  a  man  were  in  error. 

Classification.  All  attempts  at  human  flight  have  gone  to 
show  that  there  are  four  possible  ways  in  which  man  may  hope  to 
navigate  the  air.  He  may  imitate  the  flight  of  birds  with  a  machine 
with  moving  or  flapping  wings;  he  may  use  vertical  screws  or  helices 
to  pull  himself  up;  he  may  use  an  aeroplane  and  sail  the  air  like  an 
eagle;  or,  lastly,  he  may  raise  himself  by  means  of  a  gas  bag  and 
either  drift  with  the  wind  or  move  fon^'ard  by  means  of  propellers. 

In  these  attempts,  apparatus  of  several  different  types  has  been 
develoiMKl.  The  types  are  classed  in  two  general  divisions  based 
on  their  weight  relative  to  that  of  the  atmosphere,  viz,  the  lighter- 
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ikanrair  machines  and  the  heavier-than-air  machines,  Lighter-than- 
ur  machines  are  those  which  employ  a  bag  filled  with  a  gas  whose 
specific  gravity  is  sufficiently  less  than  that  of  the  air  to  lift  the  bag 
and  the  necessary  attachments  from  the  earth,  and  include  simple 
balloons  and  dirigibles.  Heavier-than-air  machines,  which  will 
ndther  rise  nor  remain  in  the  air  without  motive  power,  include  all 
forms  of  aeroplanes. 

SIMPLE  BALLOONS 

Theory.  The  balloon-like  airship  has  been  more  highly  developed 
than  any  other  tj-pe  of  aerial  craft,  probably  because  it  offers  the 
most  obxious  means  of  overcoming  the  force  of  gravitation.  It 
depends  on  the  law  of  Archimedes: 

''Every  body  which  is  immersed  in  a  fluid  is  acted  upon  by  an 
upward  force,  exactly  equal  to  the  weight  of  the  fluid  displaced  by  the 
immersed  body,*' 

That  is,  a  body  will  be  at  rest  if  immersed  in  a  fluid  of  equal 
specific  gravity  or  equal  weight,  volume  for  volume;  if  the  body  has 
less  specific  gravity  than  the  fluid  in  which  it  is  immersed  it  will 
rise;  if  it  has  a  greater  specific  gravity  it  will  sink.  Therefore,  if 
the  total  weight  of  a  balloon  is  less  than  the  weight  of  all  the  air  it 
displaces  it  will  rise  in  the  air.  It  is,  then,  necessary  to  fill  the  balloon 
^-ith  some  gas  whose  specific  gravity  is  enough  less  than  that  of  the 
air  to  make  the  weight  of  the  gas  itself,  the  bags,  and  the  attach- 
ments, less  than  the  weight  of  the  air  displaced  by  the  whole  appa- 
ratus. The  gases  usually  employed  are  hydrogen,  coal  gas,  and  hot 
air. 

At  atmospheric  pressure  and  freezing  temperature,  the  weight 
of  a  cubic  foot  of  air  is  about  .08  pound ;  the  weight  of  a  cubic  foot 
of  hydrogen  is  about  .005  pound,  under  the  same  conditions.  Accord- 
ing to  the  law  of  Archimedes,  a  cubic  foot  of  hydrogen  would  be 
acted  upon  by  a  force  equal  to  the  difference,  or  approximately  .075 
pound,  tending  to  move  it  upwards.  In  the  same  way,  a  cubic  foot 
of  coal  gas,  which  weighs  .04  pound,  would  be  acted  upon  by  an 
upward  force  of  .04  pound. 

It  is  evident,  then,  that  a  considerable  volume  of  gas  is  required 
to  lift  a  balloon  with  its  envelope,  net,  car,  and  other  attachments. 


DIRIGIBLE   BALLOONS 

Further,  it  requires  almost  twice  as  much  coal  gas  as  hydrogen, 

.  under  the  same  conditions,  for  we  have  seen  that  the  upward  force 

on  it  is  only  half  as  ^reat.    The  hfting  power  of  hot  air  is  less  thao 

one-eighth  as  great  as  that  of  hjdrogen  at  the  highest  temperatui<$ 

that  can  possibly  be  used  in  | 

balloon. 

The  genera]  type  of  light* 
than-air  machines  ma^*  be  di\~idl 
into  aerostats  (ordinary'  ballooni 
which  are  entirely  dependent  0 
wind  currents  for  lateral  mov^ 
nient,  and  which  are  often  tb(^: 
chief  features  at  country  fairs) 
and  dirigible  batloons  or  aeronail 
(air  swimmers).  Dirigible  bd 
loons  employ  the  gas  bag  fl 
maintaining  buoyancy*,  and  hai 
rudders  to  guide  them  and  pn 
pellers  to  drive  them  forwai 
through  the  air  in  much  tl 
same  way  that  ships  are  driva 
through  the  water. 

The  First  Balloon.  For  seven 
years,  Joseph  and  Steven  Monl 
golfier  had  been  experimentin 
with  a  view  to  constructing  a  b 
ioon :  in  the  first  place  by  fiUin 
bags  with  steam;  then  by  fillip 
bags  with  sjnnh,  and  finally  k 
These  attempts  were  all  failures,  for  t 


Fig.  3.     MoDtgolBFI 


[filling  bags  with  hydrogen. 
steam  rapidly  condensed  and  the  smoke  and  hydrogen  leaked  throuj 
the  pores  in  the  bags.  They  finally  hit  upon  the  idea  of  filling  t 
bag  with  hot  air,  by  means  of  a  fire  under  itfopen  mouth.  Sevei 
balloons  were  burned  up,  but  the  next  was  always  made  larger,  unt 
at  their  first  public  eshlbilion  on  June  5,  1783,  the  bag  had  liecot 
over  ;S5  feet  in  diameter.  On  this  occasion,  it  rose  to  a  height 
between  900  and  1,000  feet,  but  the  hot  air  was  gradually  escaping 
ftf^e  the  end  of  ten  minutes  the  balloon  Ml  to  tW  gmuncl 
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The  MoQtgolfiers  then  went  to  Paris,  where,  after  suffering 
the  loss  of  a  paper  balloon  by  rain,  they  sent  up  a  waterproofed  linen 
one  carrying  a  sheep,  a  duck,  and  a  rooster  in  a  basket.  A  rupture  in 
the  linen  caused  the  three  unnilling  aeronauts  to  make  a  landing 
St  the  end  of  about  ten  minutes.  The  Montgolfiers  received  great 
honor,  and  small  balloons  of  this  type  became  a  popular  fad.  One 
of  these  balloons  is  shown  in  Fig.  3,  making  an  ascension. 

Rozier.  The  first  man  to  go  up  in  a  balloon  was  Rozier,  who 
ascended  in  a  captive  balloon  to  a  height  of  about  80  feet,  in  the 
latter  part  of  the  year  1783.  Later,  in 
company  with  a  companion,  he  made  a 
voyage  in  a  free  balloon,  remaining  in  the 
air  about  half  an  hour.  In  these  balloons, 
the  air  within  was  kept  hot  by  means  of  | 
a  fire  carrie«i  in  a  pan  immediately  below  ' 
the  mouth  of  the  bag,  as  shown  in  Fig.  4. 
Accidents  were  numerous  on  account  of 
the  fabric  becoming  ignited  from  the  fire 
in  the  pan. 

Improvements  by  Charles.  The  phys- 
icist. Charles,  was  working  along  these  lines 
at  the  same  time.  He  coated  hi.-i  balloon 
with  a  rubber  solution  to  close  up  the 
p<ires,  and  was  thereby  enabled  to  sub- 
stitute h\(irogen  for  the  hot  air.  Shortiv 
after  the  Montgomers  first  public  exhibi- 
tion, Charles  sent  up  his  balloon  for  the  benefit  of  the  Academie  des 
Reience-t  in  Paris.  The  balloon,  which  weighed  about  19  pounds, 
ascended  rapidly  in  the  mr  and  disappeared  in  the  clouds,  where  it 
burst  and  fell  in  a  suburb  of  the  cit\-.  The  impression  produce<l  upon 
the  peasants  at  seeing  it  fall  from  the  heavens  was  hardlj-  different 
from  what  could  be  expected.  They  believed  it  to  be  of  devilish  ori- 
gin, and  immediately  tore  it  into  shreds.  Charles  subs«|uently  built  a 
large  balloon  quite  similar  to  those  in  use  today.  A  net  was  used  to 
support  the  basket,  and  a  valve,  operated  by  means  of  ropes  from  the 
basket,  was  arranged  at  the  top  to  permit  the  gas  to  escape  as  desired. 

The  Balloon  Successful.  The  English  Channel  was  first  crossed 
in  I78o.     Blanchard,  an  Englishman,  and  Jeffries,  an  American,- 
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,  started  from  Do\er  on  Januar>'  7  in  n  balloon  equipped  with  winpi 
'  and  oars.    After  a  very  hazanloua  voyage,  during  whieh  they  had 
to  cast  overboard  everything  ino\aliie  to  keep  from  drowning,  they 
landed  in  triumph  on  the  French  coast. 

All  attempt  to  duplicate  this  fc«t  was  made  shortly  afterward  by 
Hozier.  He  constructed  a  balloon  filli-d  with  hydrogen,  lielow  which 
hung  a  feceiver  in  which  air  could  be  heated.  He  hoped  to  replai-e 
by  the  hot  air  the  losses  due  to  leakage  of  h\drogcn,  Soon  after  thi' 
start  the  balloon  exploded,  due  to  tiie  escaping  gas  reaching  the  Bn-. 
BTid  Rozier  and  his  companion  were  dasheil  on  the  clifl's  antl  killed. 

EARLY  DIRIGIBLES 
Meusnier  the  Pioneer.  The  fact  that  the  invention  of  the 
dirigible  balloon  and  means  of  navigating  it  were  almost  siinultane- 
cius  is  ver\'  little  known  toilay  and  much  less  appreciated.  Like 
'  the  aeroplane,  its  development  was  ver.^^  much  retarded  b>'  the  lack 
or  suitable  means  of  propulsion,  and  the  actual  history  of  what  bus 
been  accomplished  in  this  field  dates  back  onlj'  to  the  initial  circular 
flight  of  La  France  in  1885.  Still  the  principles  upon  which  success 
has  been  achieved  were  laid  down  within  a  year  of  the  appearance 
of  MontgoHier's  first  gas  bag.  Lieutenant  Meusnier,  who  subse- 
quently became  a  general  in  the  French  army,  must  really  be  credited 
with  being  the  true  in\'entor  of  aerial  na\igation.  At  a  time  when 
nutliing  whatever  was  known  of  the  science,  Meusnier  had  the  dis- 
tinction of  elaborating  at  one  stroke  all  the  laws  governing  the 
stability  of  an  airship,  and  calculating  correctly  the  conditions  of 
equilibrium  for  an  elongated  balloon,  after  having  strikinglj'  demon- 
strated the  necessity  for  this  elongation.  Thfe  was  in  17S4  and  Meus- 
nier's  designs  and  calculations  are  still  preserved  in  the  engineering 
section  of  the  French  War  Office  in  the  form  of  dniwings  and  tables. 
But  as  often  provecl  to  be  the  case  in  other  fields  of  rosetirch, 
his  efforts  went  unheeded.  How  man'elous  the  establi-shment  of 
these  numerous  principles  by  one  man  in  a  short  time  really  is.  can 
Ih"  ajipreciated  only  by  noting  the  painfully  slow  process  that  has 
been  necessary  to  again  determine  them,  one  by  one.  al  considerable 
inten'als  and  after  numerous  failures.  Through  not  following  the 
//he:i  u/jfcJ]  he  hiid  down,  aerial  navigation  lost  a  centnr\-  in  futile 
vnpinfi about ;  in  experiments  absolutely  without  metW\  wr  "«(\\wcvq». 
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r's  designs  covered  two  dirigible  balloons  and  that  he 
illy  appredated  the  necessity  for  size  is  shown  by  the  dimensions 
'  the  larger,  which  unfortunately  was  never  built.  This  was  to  be 
iO  feet  long  by  130  feet  in  diameter,  in  the  form  of  an  ellipse,  the 
aogation  being  exactly  twice  the  diameter.  In  other  words,  a  perfect 
lipsoid,  which  was  a  logical  and,  in  fact,  the  most  perfect  develop- 
ent  of  the  spherical  form.  Although  increased  knowledge  of  wind 
sistance  and  the  importance  of  the  part  it  plays  has  proved  his 
Utive  dimensions  to  be  faulty,  a  study  of  the  principal  features 
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hb  machine  shows  that  he  anticipattd  the  pri-beiit-day  dirigible 
the  most  successful  t\pe  at  practicalK  e\er\  jxjint,  barring,  of 
lUrse,  the  motive  power,  as  there  was  absolutelj  nothing  available 
that  day  except  human  effort.  As  the  latter  weighs  more  than 
le-half  ton  per  horse-power,  it  goes  without  saying  that  Meusnier's 
illoon  would  have  been  dirigible  only  in  a  dead  calm. 

He  adopted  the  elongated  form,  conceived  the  girth  fastening, 
:e  triangular  or  indeformable  suspension,  the  air  balloonet  and  it.s 
mips,  and  the  screw  propeller,  all  of  which  are  to  be  found  in  the 
rigibles  of  present-day  French  construction,  Fig.  5.    It  need  scarcely 
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III*  imIiIihI  tluil.  tli<;  French  have  not  only  devoted  a  greater  amount 
tif  titni*  iind  rirort  to  th(*  development  of  the  dirigible  than  any  other 
luilitiii.  hut  hiivr  also  met  with  the  greatest  success  in  its  use.  It 
\Min  iiol  until  ISSiJ,  or  inon;  than  a  century  after  Meusnier  had  first 
rInlHiriitiMl  i\uv.\v  principles,  that  their  value  became  known.  They 
wvw  Mrt  fnrtli  by  Lieutenant  Ix»tourne,  of  the  French  engineers,  in 
a  papiT  pn*r«i'ut(Ml  to  the  Antdnnie  des  Sciences  by  General  Perrier. 
lu  iiue  fiirui  or  another,  the  salient  features  of  Meusnier's  diri- 
Kible  will  Im*  ftiund  embodied  in  the  majority  of  attempts  of  later 
da\M  lli.'»  largt*  airship  was  designtnl  to  consist  of  double  envelope, 
the  outer  iMUitaiuer  of  which  was  to  pn>vide  the  strength  necessary-, 
and  It  waM  aeiMinlingly  reiufortHHl  by  bands.  The  inner  envelope  was 
{\\  \\\\\\  ide  the  container  for  the  gas  and  was  not  called  upon  to  sup- 
poit  auN  wei^iht.  This  inner  bag  or  balliK)n  pn>per  was  designed 
t*»  bo  ouIn  parlmll\  iutlattnl  and  the  spacr  Ix^tween  the  two  was  to  be 
o»  \  ujMisI  bx  an*  \\hi\'h  o»uld  be  fonxnl  into  it  at  two  jxiints  at  either 
\w\\  b\  iMuups  '»o  a*  t\»  maintain  the  pr^^ssur^*  on  the  gas  bag  uniform 
»v4\,u\lle.»  oi  \\\v  e\panM\»u  or  \vutraction  of  its  tx>ntents.  Here  in 
\^\\\\\  \\A\'  \\.» .  \\\\'  au*  balKHM\et  \»f  tinlax .  Instead  of  employing  a  net 
\**  \\M\x\  \\w  \.\\  \\y^\\\  \\w  ouier  enveU»jH\  the  former  was  attached 
b\  u^  o<.  x»t  .(  UKou;ulav  mivjvumou  s\>tem  tasteutxl  to  a  heavy  roi)e 
*oi'si  vM  >.\\\\\  y^\u\\\\\\\};i  \\w  %niter  e:'\e!o:H\  At  the  three  points 
\\''*!>  vV,  ''M'-'v  ^N'ts'  i\u'v.:ls*:x  »:\«:.  ;i  N:\st:  rv.v.ririj:  the  length  of 
» ■  ^  » ' •'  »  • » '  X • ; ■  •  x  ■  ' s  w * ' .i *,  \ I v\>v '.x^r  *:o>\r'.:y\*  a<  "revolving  oars" 
^^  t  .   xx»       '. ''x -x   >\* ' -;•;•.: ; a:  ;'v  vr\':.':>;v  ^*':  the  s<*rew  pro- 

's   ^         ^^     xx"    '^     -»  '.x  .^.>-.\  '  ,t;  ,<  '.  'v  >:'*:  an:i\lating  the 
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entioned,  Archimedes  established  the  fact  that  a  body  upon  float- 
g  in  a  fluid  displaces  an  amount  of  the  latter  equal  in  weight  to 
e  body  itself,  and  upon  this  theory  was  formulated  the  now  well- 
lown  law,  that  every  body  plunged  into  a  fluid  is  subjected  by  this 
Lid  to  a  pressure  from  below,  equivalent  to  the  weight  of  the  fluid 
splaced  by  the  body.    Consequently,  if  the  weight  of  the  latter 

less  than  that  of  the  fluid  it  displaces,  the  body  will  float.  It  is 
'  reason  of  this  that  the  iron  ship  floats  and  the  fish  swims  in  water. 

the  weight  of  the  body  and  the  displaced  water  be  the  same,  the 
dy  will  remain  in  equilibrium  in  the  water  at  a  certain  level,  and 
that  of  the  body  be  greater,  it  will  sink.  All  three  of  these  factors 
e  lound  in  the  fish,  which,  with  the  aid  of  its  natatory  gland,  can 
le  to  the  surface,  sink  to  the  bottom,  or  remain  suspended  at  differ- 
t  levels.  To  accomplish  these  changes  of  specific  gravity,  the  fish 
Is  this  gland  with  air,  dilating  it  until  full,  or  compressing  and 
ipt>'ing  it.    In  this  we  find  a  perfect  analogy  to  the  air  balloonet 

the  dirigible,  which  serves  the  same  purposes.  The  method  by 
lich  lifting  power  is  obtained  in  the  dirigible  is  exactly  the  same 

in  the  case  of  the  balloon. 

But  once  in  the  air,  a  balloon  is,  to  all  intents  and  purposes, 
part  of  the  atmosphere.  There  is  absolutely  no  sensation  of  move- 
ent,  either  vertically  or  horizontally.  The  earth  appears  to  drop 
ray  from  beneath  and  to  sweep  by  horizontally,  and  regardless  of 
)w  violently  the  wind  may  be  blowing,  the  balloon  is  always  in  a 
^ad  calm  because  it  is  really  part  of  the  wind  itself  and  is  traveling 
ith  it  at  exactly  the  same  speed.  If  it  were  not  for  the  loss  of  lift- 
g  power  through  the  expansion  and  contraction  of  the  gas,  making 

necessary  to  permit  its  escape  in  order  to  avoid  rising  to  incon- 
»nient  heights  on  a  very  warm  day,  and  the  sacrifice  of  ballast  to 
•event  coming  to  earth  at  night,  the  ability  of  a  balloon  to  stay  up 
ould  be  limited  only  by  the  endurance  of  its  crew  and  the  quantity 

provisions  it  was  able  to  transport.    As  the  use  of  air  balloonets 

the  dirigible  takes  care  of  this,  the  question  of  lifting  power  presents 
)  particular  difficulty.  It  is  only  a  matter  of  providing  sufficient 
IS  to  support  the  increased  weight  of  the  car,  motor  and  its  acces- 
ses, and  the  crew  of  the  larger  vessel,  with  a  factor  of  safety  to 
low  for  emergencies,  in  order  to  permit  of  staying  in  the  air  long 
lough  to  make  a  protracted  voyage. 
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Air  Resistance  vs.  Speed.  Unless  a  voyage  is  to  be  governed 
in  its  direction  entirely  by  the  wind,  the  dirigible  must  possess  a 
means  of  moving  contrary  to  the  latter.  The  moment  this  is 
attempted,  resistance  is  encountered,  and  it  is  this  resistance  of  the 
air  that  is  responsible  for  the  chief  difficulties  in  the  design  of  the 
dirigible.  To  drive  it  against  the  wind,  it  must  have  power;  to  sup- 
port the  weight  of  the  motor  necessary,  the  size  of  the  gas  bag  must 
be  increased.  But  with  the  increase  in  size,  the  amount  of  resistance 
is  greatly  multiplied  and  the  i)ower  to  force  it  through  the  air  must 
be  increased  correspondingly.    The  law  is  approximately  as  follows: 

Where  the  surface  moves  in  a  line  perpendicuhr  to  ii^  plane,  the 
resistance  is  pr()i)ortional  to  the  extent  of  the  surface,  to  the  square  of 
the  speed  with  which  the  surface  is  moved  through  the  air,  and  to  a 
coefficient,  the  mean  value  of  which  is  O.J 25. 

This  coefficient  is  a  doubtful  factor,  the  figure  given  having  been 
worked  out  years  ago  in  connection  with  the  propulsion  of  sailing 
vessels.  Its  value  varies  according  to  later  experimenters  between 
.08  and  .16,  the  mean  of  the  more  recent  investigations  of  Renard, 
Eiffel,  and  others  who  have  devoted  considerable  study  to  the  matter, 
being  .OS.  This  is  dwelt  upon  more  in  detail  under  ^'Aerodynamics** 
and  it  will  be  noted  that  the  values  of  the  coeflScient  K,  given  here, 
do  not  agree  with  those  stated  in  that  article.  They  serve,  how- 
ever, to  illustrate  the  principles  in  question. 

In  accordanc^e  with  this  law,  doubling  the  speed  means  quad- 
rupling the  resistance  of  the  air.  For  instance,  a  surface  of  16  square 
feet  moving  directly  against  the  air  at  a  speed  of  10  feet  per  second 
will  encounter  a  resistance  of  lOXUX)  (square  of  the  speed)  X0.125 
=  200  pounds  pressure.  Doubling  the  speed,  thus  bringing  it  up 
to  20  feet  per  second,  would  give  the  equation  1()  X  400  X  0.125  =  800 
pounds  pressure,  or  with  the  more  recent  value  of  the  coefficient 
of  .OS,  512  pounds  pressure.  The  first  consideration  is  accord- 
ingly to  reduce  the  amount  of  surface  moving  at  right  angles.  The 
resistance  of  a  surface  having  tapering  sides  which  cut  through  or 
divide  the  molecules  of  air  instead  of  allowing  them  to  impinge 
directly  upon  it,  is  gceatly  diminished;  hence,  Meusnier's  principle 
of  elongation.  If  we /take  the  same  panel  presenting  16  square  feet 
of  surface  and  build  but  on  it  a  hemisphere,  its  resistMioe  at  a  speed 
of  10  feet  per  seconci/will  be  exactly  half,  or  a  pressure  of  100  poundSi 
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By  further  modifying  this  so  as  to  represent  a  sharp  point,  or  acute- 
angled  cone,  it  will  be  38  pounds  There  could  accordingh  be  no 
question  of  attempting 
to  propel  a  spherical 
balloon. 

It  b  necessary  to 
select  a  form  that  pre- 
sents as  small  a  surface 
as  possible  to  the  air  as 
the  balloon  advances, 
whilepreser^'ing  the  max- 
imum lifting  power.  But 
experience  has  strikingly 
demonstratcd  the  analog^'  between  marine  and  iierial  practice— not 
onl\'  is  the  shape  of  the  bow  of  the  vessel  of  great  importance  but, 
likewise,  the  stem.  The  profile  of  the  latter  may  permit  of  an  easy 
reunion  of  the  molecules  of  air  separated  by  the  former,  or  it  may 
allow  them  to  come  together  again  suddenly,  clashing  with  one  an- 
other and  producing  disturbing  eddies  just  behind  the  moving  biwly. 
To  carrj"  the  comparison  with  a  marine  vessel  a  bit  further,  the  form 
cmst  be  such  as  to  give  an  easy  "shear,"  or  sweep  from  stem  to 
^tem. 

That  early  investi- 
gators appredated  this  is 
shown  by  the  fact  that 
GifTard  in  1852,  Fig.  6, 
I>e  Lome  in  1872,  Fig.  7, 
Tissandier  in  1884,  and 
Santos-Dumont  in  his 
numerous  attempts,  a- 
dopted  a  spindle-shaped 
or  "fusiform"  balloon.  In 
other  words,  their  shape, 
equally  pointed  at  either 
end,  was  symmetrical  in 
relation  to  their  central  plan.  However,  that  the  shape  best 
adapted  to  the  requirements  of  the  bow  did  not  serve  equally  well 
for  the  atern,  was  demonstrated  for  the  first  time  by  Benard,  to 
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whom  credit  must  be  given  for  a  very  large  part  of  the  scientific 
development  of  the  dirigible.  Almost  a  century  earlier,  Marey- 
Monge  had.  laid  down  the  principle  that  to  be  successfully  pro- 
pelled through  the  air,  the  balloon  must  have  "the  head  of  a  cod 
and  the  tail  of  a  mackerel."  Nature  exemplifies  the  truth  of  this 
in  all  swiftly  moving  fishes  and  birds.  Renard  accordingly  adopted 
what  may  best  be  termed  the  "pisciform"  type,  viz,  that  of  a  dis- 
symmetrical fish  with  the  larger  end  serving  as  the  bow;  and  the 
performances  of  the  Renard,  Lebaudy,  and  Clement-Bayard  airships 
have  shown  that  this  is  the  most  advantageous  form. 

The  pointed  stern  prevents  the  formation  of  eddies  and  the 
creation  of  a  partial  vacuum  in  the  wake  which  would  impose  addi- 
tional thrust  on  the  bow.  Zeppelin  has  disregarded  this  factor  by 
adhering  to  the  purely  cylindrical  form  with  short  hemispherical 
bow  and  stern,  but  it  is  to  be  noted  that  while  other  German  inves- 
tigators originally  followed  this  precedent,  they  have  gradually 
abandoned  it,  owing  to  the  noticeable  retarding  effect. 

Critical  Size  of  Bag.  Next  in  importance  to  the  best  form  to 
be  given  the  vessel,  is  the  most  effective  size — something  which  has 
a  direct  bearing  upon  its  lifting  power.  This  depends  upon  the 
volume,  while  the  resistance  is  proportional  to  the  amount  of  sur- 
face presented.  Greater  lifting  power  can  accordingly  be  obtained 
by  keeping  the  diameter  down  and  increasing  the  length.  But  the 
resistance  is  also  proportionate  to  the  square  of  the  speed,  while 
the  volume,  or  lifting  power,  varies  as  the  cube  of  the  dimensions 
of  the  container,  so  that  in  doubling  the  latter,  the  resistance  of  the 
vessel  at  a  certain  speed  is  increased  only  four  times  while  its  lifting 
capacity  is  increased  eight  times.  Consequently  the  larger  dirigible 
is  very  much  more  efficient  than  the  smaller  one  since  it  can  carry 
so  much  more  weight  in  the  form  of  a  motor  and  fuel  in  proportion 
to  its  resistance  to  the  air.  As  an  illustration  of  this,  assume  a  rec- 
tangular container  with  square  ends  1  foot  each  way  and  5  feet  long. 
Its  volume  will  be  5  cubic  feet  and  if  the  lifting  power  of  the  gas  be 
assumed  as  2  pounds  per  cubic  foot,  its  total  lifting  power  will  be  5 
pounds.  If  a  motor  weighing  exactly  5  pounds  per  horse-power 
be  assumed,  it  will  be  evident  that  the  motor  which  such  a  balloon 
could  carry  would  be  limited  to  1  horse-power,  neglecting  the  weight 
of  the  container. 
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Double  these  dimensions  and  the  container  will  then  measure 
2X2X 10  feet,  giving  a  volume  of  40  cubic  feet,  and  a  lifting  power,  on 
the  basis  already  assumed,  of  a  motor  capable  of  producing  8  horse- 
power, and  this  without  taking  into  consideration  that  as  the  size 
of  the  motor  increases,  its  weight  per  horse-power  decreases.  The 
balloon  of  twice  the  size  will  thus  have  a  motor  of  8  horse-power  to 
overcome  the  resistance  of  the  head-on  surface  of  4  square  feet,  or 
2  horse-power  per  square  foot  of  transverse  section,  whereas  the 
balloon  of  half  the  size  will  have  only  1  horse-power  per  square  foot 
of  transverse  section.  It  is,  accordingly,  not  practicable  to  construct 
small  dirigibles  such  as  the  various  airships  built  by  Santos-Dumont 
for  his  experiments,  while,  on  the  other  hand,  there  are  numerous 
limitations  that  will  be  obvious,  restricting  an  increase  in  size  beyond 
a  certain  point,  as  has  been  shown  by  the  experience  of  the  various 
Zeppelin  airships. 

To  make  it  serviceable,  what  Berget  terms  the  'Independent 
speed"  of  a  dirigible,  i.e.,  its  power  to  move  itself  against  the  wind, 
must  be  suflScient  to  enable  it  to  travel  under  normally  prevailing 
atmospheric  conditions.  These  naturally  differ  greatly  in  different 
countries  and  in  different  parts  of  the  same  country.  \\Tiere  mete- 
orological tables  showed  the  prevailing  winds  in  a  certain  district 
to  exceed  15  miles  an  hour  throughout  a  large  part  of  the  year,  it 
would  be  useless  to  construct  an  airship  with  a  speed  of  15  miles 
an  hour  or  less  for  use  in  that  particular  district,  as  the  number 
of  days  in  the  year  in  which  one  could  travel  to  and  from  a  certain 
starting  point  would  be  limited.  This  introduces  another  factor 
which  has  a  \atal  bearing  upon  the  size  of  the  vessel.  Refer  to  the 
figures  just  cited  and  assume  further  that  by  doubling  the  dimensions 
and  making  the  airship  capable  of  transporting  a  motor  of  8  horse- 
power, it  has  a  speed  of  10  miles  an  hour.  It  is  desired  to  double  this. 
But  the  resistance  of  the  surface  presented  increases  as  the  square  of 
the  speed.  Hence,  it  will  not  avail  merely  to  double  the  power  of 
the  motor.  Experience  has  demonstrated  that  the  power  necessary 
to  increase  the  speed  of  the  same  body,  increases  in  proportion  to 
the  cube  of  the  speed,  so  that  instead  of  a  16-horse-power  motor  in  the 
case  mentioned,  oue  of  64  horse-power  would  be  needed.  There  are, 
accordingly,  a  number  of  elements  that  must  be  taken  into  considera- 
tion when  determining  the  size  as  well  as  the  shape  of  the  balloon. 
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Static  Equilibrium.  Having  settled  upon  the  size  and  shape, 
there  must  be  an  appropriate  means  of  attaching  the  car  to  carry 
the  power  plant,  its  accessories  and  control,  and  the  crew.  While 
apparently  a  simple  matter,  this  involves  one  of  the  most  important 
elements  of  the  design — that  of  stability.  A  long  envelope  of  ccm 
paratively  small  diameter  being  necessary  for  the  reasons  given, 
it  is  essential  that  this  be  maintained  with  its  axis  horizontal.  In 
calm  air,  the  balloon,  or  container,  is  subjected  to  the  action  of 
two  forces:  One  is  its  weight,  applied  to  the  center  of  gravity  of 
the  system  formed  by  the  balloon,  its  car,  and  all  the  supports; 
the  other  is  the  thrust  of  the  air,  applied  at  a  point  known  as  the 
center  of  thrust  and  which  will  differ  with  different  designs,  accord- 
ing as  the  car  is  suspended  nearer  or  farther  away  from  the  balloon. 
If  the  latter  contained  only  the  gas  used  to  inflate  it,  with  no  car 
or  other  weight  to  carry,  the  center  of  gravity  and  the  center  of 
thrust  would  coincide,  granting  that  the  weight  of  the  envelope  were 
negligible.  As  this  naturally  can  not  be  the  case,  these  forces  are 
not  a  continuation  of  each  other.  But  as  they  must  necessarily  be 
equal  if  the  balloon  is  neither  ascending  nor  descending,  it  follows 
that  thev  will  cause  the  balloon  to  turn  until  thev  are  a  continua- 
tion  of  each  other,  and  in  the  case  of  a  pisciform  balloon,  this  wdll 
cause  it  to  tilt  downward.  Like  a  ship  with  too  much  cargo  for- 
ward, it  would  be  what  sailors  term  "down  at  the  head.'' 

As  this  would  be  neither  convenient  nor  compatible  with  rapid 
propulsion,  it  must  be  avoided  by  distributing  the  weight  along  the 
car  in  such  a  manner  that  when  the  balloon  is  horizontal,  the  forces 
represented  by  the  pressure  above  and  the  weight  below,  must  be  in 
the  same  perpendicular.  This  is  necessary  to  insure  static  equilibrium^ 
or  a  horizontal  position  while  in  a  state  of  rest.  To  bring  this  about, 
the  connections  between  the  car  and  the  balloon  must  always  main- 
tain the  same  relative  position,  which  is  further  complicated  by  the 
fact  that  they  must  be  flexible  at  the  same  time. 

Longitudinal  Stability.  But  the  longitudinal  stability  of  the 
airship  as  a  whole  must  be  preserved,  and  this  also  involves  its 
stability  of  direction.  Its  axis  must  be  a  tangent  to  the  course  it 
describes,  if  the  latter  be  curvilinear,  or  parallel  with  the  direction 
of  this  course  where  the  course  itself  is  straight.  This  is  apparently 
something  which  should  be  taken  care  of  by  the  rudder,  any  ten- 
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denc>^  on  the  part  of  the  airship  to  diverge  from  its  course  being  cor- 
rected by  the  pilot.  But  a  boat  that  needed  constant  attention  to 
the  helm  to  keep  it  on  its  course  would  be  put  down  as  a  "cranky" 
— ^in  other  words,  of  faulty  design  in  the  hull.  A  dirigible  having 
the  same  defect  would  be  difficult  to  navigate,  as  the  rudder  alone 
would  not  suffice  to  correct  this  tendency  in  emergencies.  Stability 
of  direction  is,  accordingly,  provided  for  in  the  design  of  the  balloon 
itself,  and  this  is  the  chief  reason  for  adopting  the  form  of  a  large- 
headed  and  slender-bodied  fish,  as  already  outlined.  This  brings 
the  center  of  gravity  forward  and  makes  of  the  long  tail  an  effective 
lever  which  overcomes  any  tendency  of  the  ship  to  diverge  from  the 
coiu-se  it  should  follow,  by  causing  the  resistance  of  the  air  itself  to 
bring  it  back  into  line.  However,  the  envelope  of  the  balloon  itself 
would  not  suffice  for  this,  so  just  astern  of  the  latter,  "stabilizing 
surfaces^are  placed,consisting  of  vertical  planes  fixed  to  the  envelope. 
These  form  the  keel  of  the  dirigible  and  are  analogous  to  the  keel  of 
the  ship.  Stability  of  direction  is  thus  obtained  naturally  without 
having  constant  recourse  to  the  rudder,  which  is  employed  only 
to  alter  the  direction  of  travel. 

The  comparison  between  marine  and  aerial  navigation  must  be 
carried  even  further.  These  vertical  planes,  or  "keel,"  prevent 
rolling;  it  is  equally  necessary  to  avoid  pitching — far  more  so  than 
in  the  case  of  a  vessel  in  water.  So  that  while  the  question  of  sta- 
bility of  direction  is  intimately  connected  with  longitudinal  stability, 
other  means  are  required  to  insure  the  latter.  The  airship  must 
travel  on  an  "even  keel,"  except  when  ascending  or  descending, 
and  the  latter  must  be  closely  under  the  control  of  the  pilot,  as 
otherwise  the  balloon  may  incline  at  a  dangerous  angle.  This  shows 
the  importance  of  an  unvarying  connection  between  the  car  and  the 
envelope  to  avoid  defective  longitudinal  stability.  Assume,  for 
instance,  that  the  car  is  merely  attached  at  each  end  of  a  single 
line.  The  car,  the  horizontal  axis  of  the  balloon,  and  the  two  sup- 
ports would  then  form  a  rectangle.  When  in  a  state  of  equilibrium 
the  weight  and  the  thrust  are  acting  in  the  same  line.  Now  suppose 
that  the  pilot  desires  to  desc»end  and  inclines  the  ship  downward. 
The  center  of  gravity  is  then  shifted  farther  fon^^ard  and  the  two 
forces  are  no  longer  in  line. 

But  as  the  connections  permit  the  car  to  swing  in  a  vertical 
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plane,  they  permit  the  latter  to  move  fon^'ard  and  parallel  with  the 
balloon,  thus  forming  a  parallelogram  instead  of  a  rectangle.  This 
causes  the  center  of  gravity  to  shift  even  farther,  and  as  one  of  the 
most  serious  causes  of  longitudinal  stability  is  the  movement  of  the 
gas  itself,  it  would  also  rush  to  the  back  end  and  cause  the  balloon 
to  * 'stand  on  its  head."  As  the  tendency  of  the  gas  is  thus  to  aug- 
ment any  inclination  accidentally  produced,  the  vital  necessity  of 
providing  a  suspension  that  is  incapable  of  displacement  with  rela- 
tion to  the  balloon  is  evident.  Here  is  where  the  importance  of  Meus- 
nier's  conception  of  the  principle  of  triangular  suspension  comes  in. 
Instead  of  being:  merely  supported  by  direct  vertical  connections 
with  the  balloon,  the  ends  of  the  car  are  also  attached  to  the 
opposite  ends  of  the  envelope,  forming  opposite  triangles.  This  gives 
an  unvarying  attachment,  so  that  when  the  balloon  inclines,  the  car 
maintains  its  relative  position,  and  the  weight  and  thrust  tend  to  pull 
each  other  back  in  the  same  line,  or,  in  other  words,  to  "trim  ship." 
Dynamic  Equilibrium.  In  addition  to  being  able  to  preserve 
its  static  equilibrium  and  to  possess  proper  longitudinal  stability, 
the  successful  airship  must  also  maintain  its  dynamic  equilibrium — 
the  equilibrium  of  the  airship  in  motion.  This  may  be  made  clear 
by  referring  to  the  well-known  expedients  adopted  to  navigate 
the  ordinary  spherical  balloon.  To  rise,  its  weight  is  diminished  by 
gradually  pouring  sand  from  the  bags  which  are  always  carried  as 
ballast.  To  descend,  it  is  necessary  to  increase  the  total  weight  of 
the  balloon  and  its  car,  and  the  only  method  of  accomplishing  this 
is  to  permit  the  escape  of  some  of  the  gas,  the  specific  lightness 
of  which  constitutes  the  lifting  power  of  the  balloon.  As  the  gas 
escapes,  the  thrust  of  the  air  on  the  balloon  is  decreased  and.  it 
sinks — the  ascensional  effort  diminishing  in  proportion  to  the 
amount  of  gas  that  is  lost.  The  balloon,  or  the  container  itself, 
being  merely  a  spherical  bag,  on  the  upper  hemispherical  half  of 
which  the  net  supporting  the  car  presses  at  all  points,  the  question 
of  deformation  is  not  a  serious  one.  Before  it  assumed  propor- 
tions where  the  bag  might  be  in  danger  of  collapsing,  the  balloon 
would  have  had  to  come  to  earth  through  lack  of  lifting  power 
to  longer  sustain  it.  Owing  to  its  far  greater  size,  as  well  as  to  the 
form  of  the  surface  which  it  presents  to  the  air  pressiure,  such  a  crude 
method  is  naturally  not  applicable  to  the  dirigible. 
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Dynamic  equilibrium  must  take  into  account  not  only  its  weight 
and  the  sustaining  pressure  of  the  air,  but  also  the  resistance  of  the 
wr  exerted  upon  its  envelope.  This  resistance  depends  upon  the 
dimenaons  and  the  shape  of  that  envelope,  and  in  calculations  the 
latter  is  always  assumed  to  be  invariable.  Assume,  for  instance, 
that  to  descend  the  pilot  of  a  dirigible  allowed  some  of  the  hydrogen 
gas  to  escape.  As  the  airship  came  down,  it  would  have  to  pass 
through  strata  of  air  of  constantly  increasing  pressure  as  the  earth 
is  approached.  The  reason  for  this  will  be  apparent  as  the  lower 
strata  bear  the  weight  of  the  entire  atmosphere  above  them.  The 
confined  gas  will  no  longer  be  sufiicient  to  distend  the  envelope, 
the  latter  losing  its  shape  and  becoming  flabby.  As  the  original 
form  is  no  longer  retained,  the  center  of  resistance  of  the  air  vaW 
likewise  have  changed  together  with  the  center  of  thrust,  and  the 
initial  conditions  will  no  longer  obtain.  But  as  the  equilibrium  of 
the  airship  depends  upon  the  maintenance  of  these  conditions,  it 
will  be  lost  if  they  vary. 

Function  of  Balioonets.  In  the  function  of  balloonets  is  realized 
the  importance  of  the  principle  established  by  Meusnier.  It  was 
almost  a  century  later  before  it  was  rediscovered  by  Dupuy  de  L6me 
in  connection  with  his  attempts  to  make  balloons  dirigible.  That 
the  balloon  must  always  be  maintained  in  a  state  of  perfect  infla- 
tion has  been  pointed  out.  But  gas  is  lost  in  descents  and  to  a 
certain  extent,  through  the  permeability  of  the  envelope.  Unless 
it  is  replaced,  the  balloon  will  be  only  partially  inflated.  In  view 
of  the  great  volume  necessary,  it  requires  no  explanation  to  show 
that  it  would  be  impossible  to  replace  the  gas  itself  by  fresh  hydrogen 
carried  on  the  car.  It  would  have  to  be  under  high  pressure  and 
the  weight  of  the  steel  cylinders  as  well  as  the  number  necessary  to 
transport  a  suflScient  supply  would  be  prohibitive.  Hence,  Meus- 
nier conceived  the  idea  of  employing  air.  But  this  could  not  be 
pumped  directly  into  the  balloon  to  mix  with  the  hydrogen  gas, 
as  the  resulting  mixture  would  not  only  still  be  as  inflammable  as 
the  former  alone,  but  it  would  also  contain  sufficient  oxygen  to 
create  a  very  powerful  and  infinitely  more  dangerous  explosive. 
This  led  to  the  adoption  of  the  air  balloonet. 

In  principle  the  balloonet  consists  of  dividing  the  interior  of  the 
envelope  into  two  cells,  the  larger  of  which  receives  the  light  gas 
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while  the  smaller  is  intended  to  hold  air  and  terminates  in  a  tube 
extending  down  to  a  pump  in  the  car.  In  other  words,  a  fabric 
partition  adjacent  to  the  lower  part  of  the  envelope  inside  and  sub- 
ject to  deformation  at  will.  In  actual  practice  it  consists  of  a  num- 
ber of  independent  cells  of  this  kind,  longitudinally  disposed  along 
the  lower  half  of  the  interior  of  the  envelope. 

When  the  balloon  is  completely  inflated  with  hydrogen,  as  at 
the  beginning  of  an  ascent,  these  balloonets  lie  flat  against  the  lower 
part  of  the  envelope,  exactly  like  a  lining.  As  the  airship  rises,  the 
gas  expands  owing  to  the  reduction  in  atmospheric  pressure  at  a 
higher  altitude,  as  well  as  to  the  influence  of  heat.  With  the  increase 
in  pressure,  uniform  inflation  is  maintained  by  th^  escape  of  a  cer- 
tain amount  of  gas  through  the  automatic  valves  provided  for  the 
purpose.  I'nless  this  took  place,  the  internal  pressure  might  assume 
proportions  j)hKing  the  balloon  in  danger  of  blowing  up.  To  avoid 
this,  a  pressure  gauge  communicating  with  the  gas  compartment 
is  one  of  the  most  important  instruments  on  the  control  board  of 
the  car,  and  should  its  reading  indicate  a  failure  of  the  automatic 
N'alves,  the  pilot  must  re<Iuce  the  pressure  by  operating  a  hand 
valve.  But  as  the  car  descends,  the  increased  external  pressure 
causes  a  recontraction  of  the  gas  until  it  no  longer  suffices  to  fill  the 
envelope.  To  replace  the  loss  the  air  pumps  are  utilized  to  force 
air  into  the  air  balloonets  until  the  sum  of  the  volumes  of  gas  and 
air  in  the  dift'erent  compartments  equals  the  original  volume.  In 
this  manner,  the  initial  conditions,  upon  which  the  equilibrium  of 
the  airship  is  based,  are  always  maintained. 

This  is  not  the  only  method  of  correcting  for  change  in  volume, 
nor  of  maintaining  the  longitudinal  stability  of  the  whole  fabric, 
the  importanci*  of  which  has  already  been  detailed,  but  experience 
has  shown  that  it  is  the  most  practical.  It  is  possible  to  give  the 
balloon  a  rigid  frame  over  which  the  envelope  is  stretched  and  to 
attach  the  car  by  means  of  a  rigid  metal  suspension,  as  in  the  various 
Zeppelin  airships,  or  to  take  it  semi-rigid,  as  in  the  Gross,  another 
German  type  in  which  Zeppelin's  precedent  was  followed  only  in 
the  case  of  the  suspension.  To  prevent  deformation  by  this  means, 
the  balloon  is  provided  with  an  absolutely  rigid  skeleton  of  aluminum 
tul)es.  This  framing  is  in  the  shape  of  a  number  of  uniform  cylin- 
drical sections,  or  gas  compartments,  each  one  of  which  accom- 

18  « 
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modates  an  independent  balloon,  while  over  the  entire  frame  a  very 
strong  but  light  fabric  constituting  the  outer  or  protecting  envelope 
IS  stretched  taut.  The  idea  of  the  numerous  independent  balloons 
is  to  insure  a  high  factor  of  safety  as  the  loss  of  the  entire  contents 
ci  two  or  three  of  them  through  accident  would  not  dangerously 
affect  the  lifting  power  of  the  whole.  The  numerous  wrecks  which 
attended  the  landings  of  these  huge  non-flexible  masses  during 
the  early  stages  of  their  development  led  to  the  provision  of  some 
form  of  shelter  wherever  they  were  expected  to  land.  Even  now, 
they  are  practically  unmanageable  in  the  air  during  a  fierce  wind 
and  must  be  allowed  to  sail  under  control  until  the  wind  has 
sjjent  itself. 

The  system  of  air  balloonets  has  accordingly  been  adopted  by 
ever>"  other  designer,  in  variously  modified  forms,  as  illustrated  by 
the  German  dirigible  Parseval,  in  which  but  two  air  bags  were 
employed,  one  at  either  end.  They  were  interconnected  by  an  external 
tul)e  to  which  the  air-pump  discharge  was  attached,  and  were  also 
oj^erated  by  a  counterbalancing  system  inside  the  gas  bag,  by  means 
of  which  the  inflation  of  one  balloonet,  as  the  after  one,  for  example, 
caused  the  collapse  of  the  other. 

Influence  of  Fish  Form  of  Bag,     But  a  condition  of  dynamic 
equilibrium  can  not  be  obtained  with  the  combined  aid  of  the  pre- 
cautions already  noted  to  secure  longitudinal  stability  and  that  of 
the  air  balloonet  in  maintaining  uniform  inflation.    Why  this  is  so 
will  be  clear  from  a  simple  example.    If  a  simple  fusiform  or  spindle- 
shap)ed  balloon  be  suspended  in  the  air  in  a  horizontal  plane,  the 
axis  of  which  passes  through  its  center  of  gra\'ity,  it  would  be  prac- 
tically pivoted  on  the  latter  and  would  be  extremely  sensitive  to 
influences  tending  to  tilt  it  up  or  down.    It  would  be  in  a  state  of 
"indifferent"  longitudinal  equilibrium.    As  long  as  the  axis  of  the  bal- 
loon remains  horizontal  and  the  air  pressure  is  coincident  with  that 
axis,  it  will  be  in  equilibrium,  but  an  equilibrium  essentially  unstable. 
Experiment  proves  that  the  moment  the   balloon  inclines  from 
the  horizontal  in  the  slightest  degree,  there  is  a  strong  tendency 
for  it  to  revolve  about  its  center  of  gravity  until  it  stands  vertical 
to  the  air  current,  or  is  standing  straight  up  and  down.    This,  of 
course,  refers  to  the  balloon  alone  without  any  attachments.    Such 
a  tendency  would  be  fatal,  amounting  as  it  does  to  absolute  instability. 
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If  instead  of  symmetrical  form,  tapering  toward  both  ends,  a 
pisciform  balloon  be  tried,  it  will  still  evidence  the  same  tendency, 
but  in  greatly  diminished  degree.  This  is  not  merely  the  theory 
affecting  its  stability  but  represents  the  findings  of  Col.  Charles 
Renard,  who  undoubtedly  did  more  to  formulate  the  exact  laws 
governing  the  stability  of  a  dirigible  than  any  other  investigator  in 
this  field.  His  data  is  the  result  of  a  long  and  methodically  carried 
out  series  of  experiments.  In  the  case  of  the  pisciform  balloon,  the 
disturbing  effect  is  due  in  unequal  degree,  to  the  diameter  of  the 
balloon  and  its  inclination  and  speed,  whereas  the  steadying  effect 
depends  upon  the  inclination  and  diameter,  but  not  on  the  speed. 
The  disturbing  effect,  therefore,  depends  solely  on  the  speed  and 
augments  verj^  rapidly  as  the  speed  increases.  It  will,  accordingly, 
be  apparent  that  there  is  a  certain,  speed  for  which  the  two  effects 
are  equal,  and  beyond  which  the  disturbing  influence,  depending  on 
speed,  will  overcome  the  steadying  effect. 

To  this  rate  of  travel,  Renard  applied  the  term  **critical  speed," 
and  when  this  is  exceeded  the  equilibrium  of  the  balloon  becomes 
unstable.  To  obtain  this  data,  keels  of  varj'ing  shapes  and  dimen- 
sions were  submitted  to  the  action  of  a  current  of  air,  the  force  of 
which  could  be  varied  at  will.  In  the  case  of  the  La  France,  the  first 
fish-shaped  dirigible,  the  critical  speed  was  found  to  be  10  meters^ 
or  approximately  39  feet  per  second,  a  speed  of  21.6  miles  per  hour, 
and  a  24-horse-power  motor  suflSces  to  drive  the  airship  at  this  rate 
of  travel.  But  the  internal  combustion  motor  is  now  so  light  that 
a  dirigible  of  this  type  could  easily  lift  a  motor  capable  of  generating 
80  to  100  horse-power.  With  this  amount  of  power,  its  theoretic 
speed  would  be  50  per  cent  greater,  or  33  miles  an  hour.  But  this 
could  not  be  accomplished  in  practice  as  long  before  it  was  reached 
the  stability  would  become  precarious.  As  Colonel  Renard  observed 
in  the  instance  just  cited,  *lf  the  balloon  were  provided  with  a  1(X)- 
horse-power  motor,  the  first  24  horse-power  would  make  it  go  and 
the  other  76  horse-power  would  break  our  necks.'' 

Steadying  Planes,  It  is  accordingly  necessary  to  adopt  a  further 
expedient  to  insure  stability.  This  takes  the  form  of  a  system  of 
rigid  planes,  both  vertical  and  horizontal,  located  in  the  axis  of  the 
balloon  and  placed  a  considerable  distance  to  the  rear  of  the  center 
of  gravity.    With  this  addition,  the  resemblar  -     '   '  ^  after  end  of 
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lh«  balloon  to  the  feathering  of  an  arron'  is  apparent,  while  its  pur- 
pose is  similar  to  that  of  the  latter.  For  this  reason,  these  steadying 
pliiiies  have  been  termed  the  empennage,  which  is  the  French  equiva- 
jftit  of  "arrow  featheriog,"  while  its  derivative  empennation  \a 
iniployed  to  descrilie  the  counteraction  of  this  disturbing  effect. 
1(1  the  La  France,  which  measured  about  230  feet  in  length  by  40 
feet  in  diameter,  the  area  of  the  planes  required  to  accomplish  this 
was  IfiO  square  feet,  and  theptaiies  themselves  were  placed  almost  100 
ferl   lo  the  rear  of   the   center  of   gra\it\.     By  referring   to   the 


p.iUustrauons  of  the  various  French  airiliipi,  tile  vaiiuii--  duvflopments 
n the  methods  of  accomplishing  this  will  be  apparent. 

In  the  Lebaudy  balloon,  it  took  the  form  of  planes  attached  to 
!  framework    between   the   car  and  the  balloon.      In  La  Patric 
I  La  Republique,  the   resemblance   to   the  feathered  arrow  was 
i  by  uttaching  four  planes  in  the  form  of  a  cross  directly 
n  itself.    But  as  weight,  no  matter  how  slight, 
e  eud  of  a  long  lever,  such  as  is  represented  , 


V22 


\ 


DIHKJIBI.K   BALLOONS 

by  the  balloon,  Renard  devised  an  improvement  over 
methods  by  conceiving  the  use  of  hjdrogen  balloonets  as  steadying 
planes.  The  idea  was  first  embodied  in  La  Ville  de  Paris,  Fig.  8, 
in  the  form  of  cylindrical  balloonets,  and  as  conical  balloonets  od 
the  Clement-Bayard.  These  balloonets  communicate  with  the  gas 
chamber  proper  of  the  balloon  and  consequently  exert  a  lifting 
pressure  which  compensates  for  their  weight,  so  that  they  no  longer 
have  the  drawback  of  constituting  an  imsymmetrical  supplementary 
load. 

Location  of  Propeller.  The  final  factor  of  importani'e  in  thi 
design  of  the  successful  dirigible  is  the  projjer  location  of  the  pro 
pulsive  efTort  with  relation  to  the  balloon.  '  Theoretically,  this 
should  be  apphed  to  the  axis  of  the  balloon  itself,  as  the  latter 
represents  the  greater  part  of  the  resistant-e  offered  to  the  air.  At 
least  one  attempt  to  carry  this  out  in  practice  resulted  disastrously, 
that  of  the  Brazilian  airship  Pax,  while  the  form  adopted  by  Rose 
in  which  the  propeller  was  pliiced  between  the  twin  balloons  11 
rt  plane  panillel  with  their  hori/ontal  axes,  was  not  a  suw 
in  theory,  the  balloon  offers  such  a  substantial  i>ercentage  of  thi 
total  resistance  to  the  air  that  the  area  of  the  car  and  the  riggini 
were  originally  considered  practically  negligible  by  comparisc 
Actually,  however,  this  is  not  the  ease.  Calculation  shows  that  i 
the  case  of  any  of  the  typical  French  airships  mentioned,  the  sui 
of  the  surface  of  the  suspending  rigging  alone  is  easily  the  equiv 
ftlent  of  2  square  meters,  or  about  21  square  feet,  without  takin] 
into  consideration  the  numerous  knots,  splices,  pulleys,  and  ropei 
employed  in  the  working  of  the  vessels,  air  tubes  communicatin| 
with  the  air  balloonets,  and  the  like.  Add  to  this  equivalent  a 
that  of  the  passengers,  the  air  pump,  other  transverse  memb< 
and  exposed  surfaces,  and  the  total  will  be  found  equivalent  to  I 
quarter  or  even  a  thin!  of  the  transverse  section  of  the  balloon  itaeU 

To  insure  the  permanently  horizontal  position  of  the  sh^j 
under  the  combined  action  of  the  motor  and  the  air  resistance,  I 
position  of  the  proiieller  at  a  point  about  one-thinl  of  the  diametci 
of  the  balloon  below  its  horizontal  axis  will  be  necessiiry.  Withoul 
employing  a  rigid  frame  like  that  of  the  Zeppelin  and  the  Paij 
•incivr,   such  a   location   of  the  shaft   is   a  difficult   matter   foi 

'ctional  reasons.     Consequently',  it  has  Wcomc  i^^vvsI<itom>'  ^j 
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apply  the  driving  effort  to  the  car  itself,  as  no  other  solution  of 
the  problem  is  apparent.  This  accounts  for  the  tendency  common 
in  the  dirigible  to  "float  high  forward,"  and  this  tilting  becomes 
more  pronounced  in  proportion  to  the  distance  the  car  is  hung 
beneath  the  balloon.  The  term  "deviation"  is  employed  to 
describe  this  tilting  effect  produced  by  the  action  of  the  propeller. 
Conflicting  requirements  are  met  with  in  attempting  to  reduce  this 
by  bringing  the  car  closer  to  the  balloon  as  this  approximation  is 
limited  by  the  danger  of  operating  the  gasoline  motor  too  close 
to  the  huge  volume  of  inflammable  gas.  The  importance  of  this 
factor  may  be  appreciated  from  the  fact  that  if  the  car  were 
placed  too  far  from  the  balloon,  the  propulsive  effect  would  tend  to 
hold  the  latter  at  an  angle  without  advancing  much,  owing  to  the 
vastly  increased  air  resistance  of  the  much  larger  surface  thus 
presented. 

Relations  of  Speed  and  Radius  of  Travel.  The  various  factors 
influencing  the  sf)eed  of  a  dirigible  have  already  been  referred  to, 
but  it  will  be  apparent  that  the  radius  of  action  is  of  equally  great 
importance.  It  is  likewise  something  that  has  a  very  direct 
bearing  upon  the  speed  and,  in  consequence,  upon  the  design  as  a 
whole.  It  \i'ill  be  apparent  that  to  be  of  any  great  value  for 
military  or  other  purposes,  the  dirigible  must  possess  not  only 
sufficient  speed  to  enable  it  to  travel  to  any  point  of  the  comi)ass 
under  ordinarily  prevailing  conditions  of  wind  and  weather  but  also 
to  enable  it  to  remain  in  the  air  for  some  time  and  cover  consider- 
able distance  under  its  own  power. 

TotcU  Weight  per  Ilorseixjwcr  Hour.  As  is  the  case  in  almost 
ever\'  point  in  the  design  of  the  dirigible,  conflicting  conditions 
must  be  reconciled  in  order  to  provide  it  with  a  power  plant 
affording  sufficient  speed  with  ample  radius  of  action.  It  has 
already  been  pointed  out  that  power  requirements  increase  as  the 
aibe  of  the  speed,  making  a  tremendous  addition  necessary  to  the 
amount  of  power  to  obtain  a  disproportionately  small  increase 
in  velocity.  In  this  connection  there  is  a  phase  of  the  motor 
question  that  has  not  received  the  attention  it  merits  up  to  the 
present  time.  The  struggle  to  reduce  weight  to  the  attainable  \i\\iv\- 
mum  has  made  ar/^ii  per  Aorsepoicer  apparently  the  paraiuouivt 
considerBtJoD—a  factor  to  which  other  things  could  be  sacn^eeA. 
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And  this  is  quite  as  true  of  aeroplane  motors  as  those  designed  for 
use  in  the  dirigible.  Bait  it  is  quite  as  important  to  make  the 
machine  go  as  it  is  to  make  it  rise  in  the  air,  so  that  the  question 
of  toted  iveight  per  horsepower  hour  has  led  to  the  abandonment  of 
extremely  light  engines  requiring  a  great  deal  of  fuel. 

Speed  is  quite  as  costly  in  an  airship  as  it  is  in  an  Atlantic 
liner.  To  double  it,  the  motor  power  must  be  multiplied  by  8,  and 
the  machine  must  carry  8  times  as  much  fuel.  But  by  cutting  the 
|X)wer  in  half,  the  speed  is  reduced  only  one-fifth.  The  problem 
of  long  voyages  in  the  dirigible  is,  accordingly,  how  to  reconcile 
best  the  minimum  speed  which  will  enable  it  to  make  way  effec- 
tively against  the  prevailing  winds,  with  the  reduction  in  power 
necessary  to  cut  the  fuel  consumption  down  to  a  point  that  will 
insure  a  long  period  of  running. 

A\Tien  the  speed  of  the  dirigible  is  greater  than  that  of  the 
prevailing  wind,  it  may  travel  in  any  direction;  when  it  is  consider- 
ably less,  it  can  travel  only  with  the  wind;  when  it  is  equal  to  the 
speed  of  the  latter,  it  may  travel  at  an  angle  with  the  wmd — ^in  other 
words,  tack,  as  a  ship  does,  utilizing  the  pressure  of  the  contrarj' 
wind  to  force  the  ship  against  it.  But  as  the  air  does  not  offer 
to  the  hull  of  the  airship,  the  same  hold  that  water  does  to  that 
of  the  seagoing  ship,  the  amount  of  leeway  or  drift  in  such  a 
manoeuver  is  excessive.  This  applies  quite  as  much  to  the  aero- 
plane as  it  does  to  the  dirigible. 

FRENCH   DIRIGIBLES 

The  First  Lebaudy.  The  interest  evidenced  by  the  German 
War  Department  in  Zeppelin's  airship  was  more  than  duplicated 
by  that  aroused  in  French  military  circles  by  the  success  of  the 
Lebaudy  Brothers.  Since  1900  these  two  brothers  had  been  experi- 
menting with  dirigible  balloons.  Their  first  dirigible — ^built  by  the 
engineer  Juillot — made  thirty  flights,  in  all  but  two  of  which  it 
succeeded  in  returning  to  its  starting  point.  This  machine  was 
somewhat  similar  to  the  later  types  built  by  Santos-Dumont  and 
carried  a  40-horsepower  Daimler  motor.  A  speed  of  36  feet  per 
second,  or  about  25  miles  per  hour,  was  obtained.  During  tests 
in  the  summer  of  1904,  the  balloon  was  dashed  against  a  tree  and 
almost  entirely  destroyed. 

^  a  ■  .      I- 
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Lebaudy  1904.  The  tie.tt  yeur  the  "Lebaudy  1904"  appeared. 
bis  was  190  feet  long  and  had  a  capacity  of  94,000  cubic  feet  of  i 
The  air  bag  was  divided  into  three  parts  and  contiiiiied 
17,<HI0  cubic  feet  of  air.  It  was  supplied  with  air  from  a  fan 
iriven  by  the  engine,  and  an  auxiliary  electric  motor  and  storage 
l>iittery  were  carried  to  drive  the  fan  when  the  gas  engine  was  not 
working.  The  storage  battery  was  also  used  to  furnish  electric  lights 
fur  the  airship.  A  horizontal  sail  of  silk  was  stretched  between  the 
car  and  the  gas  bag,  which  had  an  iirea  uf  something  over  1.000 


I 


uirc  feet,  and  a  sort  of  keel  of  silk  was  stretched  below  it.  A 
rizontal  rudder,  sha])ed  like  a  pigeon's  tail,  was  used  at  the  rear, 
•nd  immediately  behiutl  it  were  two  V-shapetl  vertical  rudders, 
'i  Ismail  vertical  sail  was  carried,  which  could  be  used  to  assist  in 
iidiag  the  ainship.  The  car  was  10  feet  long  and  was  ri^dly  hung 
'  I  feet  Mow  the  bag.  It  was  provided  with  an  inverted  pyramid 
■  ^^eel  tubes  meeting  at  an  apex  below  the  car  to  prevent  injury  in 
.lighting.  Sixty-three  ascents  were  made  in  1904  with  this  balloon, 
ail  of  them  comparatively  successful,  the  longest  being  a  journey  of 
I  in  two  hours  and  forty-five  minutes. 
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The  next  year  a  new  and  larger  baUooii  equipped  with  a  more 
powerful  motor  was  usefl.  Many  flights  were  made  in  testa  for  the 
French  War  Department. 

La  Patrie.  1m  Patrie  was  then  built  for  the  French  govern- 
ment by  the  I;ebaiidy  Brothers  and  was  of  the  same  design  as  their 
earlier  airships.  In  speed  it  was  nearly  equal  to  Zeppelin's,  and  ita 
dirifpbility  was  nearly  perfect.  Fig.  9  shows  a  view  of  this  airship 
in  flight. 

It  was  2fX)  feet  long,  and  the  7()-h<irsep<)wer  engine  drove  two 
propellers.  It  could  carry  seven  jieople  and  one-half  ton  of  hallasl 
It  carried  four  people  at  a  speed  of  30  miles  per  hour.  On  ita  las 
trip  it  covered  17.5  miles  in  seven  hours.  A  few  days  afterward,  i 
hea^Y  wind  tore  it  away  from  its  moorings  and  it  was  blown  t 
to  sea  and  lost. 

La  Republique  and  Le  Jaune.  Two  more  airships  of  the  s 
type.  La  Hcpuhlique  and  Le  Jaune,  followe<!  this.  These  were' 
tried  by  the  French  jjovemment,  in  19()S,  and  both  proved  success- 
ful. Iji  Republique  is  illustrated  in  Fig.  10.  The  shape  and  equijH 
ment  of  the  car  are  shown  in  Fig.  II.  The  automobile  type  of 
radiator  may  be  seen  attacheti  to  the  side  of  the  car.  During 
flight  in  the  fall  of  190!).  a  propeller  blaile  broke  and  was  throVI 
clear  through  the  balloon  envelope,  causing  the  hallonn  to  fall  fran 
a  height  of  .jO(I  feet.  The  four  officers  who  formetl  the  crew  of  tl 
diripible  were  killed  instantly. 

Clement<Bayard  IL  The  numerous  factors  that  must  be  coi 
sidered  in  the  design  of  a  successful  dirigible  balloon  as  well  as  th* 
many  conflicting  conditions  that  must  be  reccmciled  have  already 
been  referred  to  in  detail.  How  these  are  carried  out  in  practice 
may  best  be  made  clear  hy  a  description  of  what  may  be  coit 
sidered  as  an  ad\anced  tyi«;  of  dirigible,  the  Clement-Bayard  11, 
Fig.  12,  of  French  design,  and  the  most  successful  of  the  Freacb 
military  air  fleet.  Its  predecessor,  the  t'lemcnt-Bayard  I.  Fig.  13^ 
ma<le  thirty  vo.vages,  some  of  them  of  considerable  distance 
without  suR'ering  any  damage,  but  a  study  of  its  shortcomings  led 
to  their  elimination  in  the  following  mo^lel. 

The  pisciform  shape  of  the  first  Cieraent-Bayard  was  retained^ 
but  given  mure  taper,  the  dimensions  being  248.0  feet  overall  by 
''■O  greatest  diameter,  tin's  being  but  a  sborl  AVslauw  Wi.'V,  vA  \Sm 
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hiiw.     This  gives  it  a  ratio  of  length  to  iliamctfr  of  j.7fi.     The  g 
bulloonet  stabilizers  were  cliininated  altogetlier,  Fig.  12.    The  toti 
gas  capacity  is  approximately  8(1,01)0  cubic  feet.     IJke  all  Frendl 
dirigibles  it  is  of  the  true  flexible  tj^pe,  the  only  rigid  constructiwi 
being  that  of  the  framework  of  the  car  itself.    To  the  latter  aiv] 
Httachrtl  alt  rudders  and  stabilizing  devices,  instead  uf  making  ther 


I 


fJMf 


/ 


a  |>nrl  of  the  (■n\elo[K'  as  formerly.    Tlie  Utter  Is  made  of  coin 
nentol  rublKT  Hoth. 

Ught  steel  and  aluminum  tubing  are  employed  in  the  const 
tion   of  the  frame   supplemenle<l   by   numerous   piano-wire  ata^ 
This  frame  extends  almost  the  entire  length  of  the  envelope  t 
carries  at  its  rear  end  a  cellnlar,  or  box-kite,  type  of  stabJIiziiij 
rudder,  instead  of  the  former  gas  ballootiets  employed   oa  ' 
Clement-Ba>-Brd  I,  Fig.  13.    This  oelluUr  rudder  is  in  two  | 
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Btinp  of  two  iiiiils  of  four  cells  i-iicli,  tin-  two  groups  boiriK 
joined  at  the  top,  with  a  space  between  tlieni.  In  adiiitlftn  to 
ailiiig  a,i  a  stabilizer,  this  is  also  tlie  «iireetifjn  rudder,  its  IcviTiigc 
lieing  increased  by  making  the  end  planes  somewhat  liirKer  than 
the  partitions  of  the  cells.  Between  the  cellular  stabilizing  rudder 
and  the  envelope  is  placed  the  horizontiil  rudder  for  ascending  or 
descending.  In  the  illustration  this  appears  to  be  a  flag,  but  it 
is  b  reality  a  long  rectangular  plane,  which  may  be  tilted  on  it.s 
longitudinal  axis,  the  latter  being  nt  right  angles  to  that  of  the 


ballooiL.    There  are  two  air  balloonets  of  about  one-third  the  total 
tupadty  of  the  balloon  itself,  and  they  are  designed  to  be  inflated 
^^largc   aluminum    centrifugal    blowers   driven    from    the    main 
^^pes  themselves 

^^fTbere  are  two  motors,  each  of  125  horsepower,  both  being  of 
the  same  conventional  design,  i.e.,  four  cylinder  four  cycle  vertical 
water  cooled.  In  fact,  they  are  merely  light  automobile  motors. 
t  cylinders  have  separate  copper  water  jackets  and  the  motors 
lelves  are  muffled,  which  is  a  departure  from  the  usual  custom. 
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Each  drives  a  separate  propeller  carried  on  top  of  the  main  frame 
through  bevel  gearing. 

The  Clement-Bayard  II  made  itself  famous  by  its  rapid  and 
successful  flight  from  the  suburbs  of  Paris  across  the  Channel  to 
liOndon,  in  October,  1910. 

Astra-Torres.  In  reviewing  the  specifications  of  any  of  the 
big  dirigibles,  the  observer  cannot  fail  to  be  struck  by  the  excessive 
amount  of  power  necessary  to  drive  them  at  speeds  which  are 
lower  than  the  minimum,  or  landing  spee<ls,  of  many  aeroplanes. 
When  a  spetnl  of  4')  miles  j)er  hour  was  first  reached  by  a  dirigible, 
it  was  acclaimed  as  a  great  feat.  But  this  comparatively  moderate 
rate  of  travel  was  surpassed  only  by  increasing  the  number  of 
motors  and  their  horsepower  until  the  fuel  consumption  became 
exceedingly  high.  This  necessitated  the  carrying  of  a  great  weight 
of  fuel  and  cut  down  correspondingly  the  useful  load  that  the 
dirigible  was  capable  of  lifting  as  well  as  restricted  its  radius  of 

flight  at  full  s[x»ed.  Until  aero- 
dynamic research  had  demon- 
strated the  contrary,  the  necessity 
for  such  a  tremendous  amount  of 
power  was  considered  necessary  to 
overcome  the  head  resistance  of  the 
balloon  itself.  Research  brought 
out  in  a  striking  manner  how  great 
a  proportion  of  the  total  head 
resistance  of  an  aeroplane  was  due 
to  the  struts  and  bracing  wires. 
In  the  construction  of  the  diflFerent 
FiK  14    srrtii.n  nf  \Mru-T..rns  iiia«tra-     tvpcs  of  airships  illustratcd,  it  will 

tlu^l  Mc'thcKi  of  Mi8»[K'iisi()ii.      (  If,   iJrur-  *  *  * 

ii.K  of  ii(uvy  Fabric- huu<i>:  .s7^  jind  A.     ^c  uotcd  that  thc  gear  provided 

llri^J^f':^^  "^iiSr ';:;' Ski:!:''::;     for  suspending  the  car  or  cars  below 
'  •"  =  '/  ^""^ '"'"  the  balloon  requires  a  great  number 

of  cables.  Later  developments  showed  that  by  eliminating  the 
gn^at  amount  of  head  resistance  caused  by  these  numerous  surfaces, 
the  si)eed  of  a  dirigible  could  be  increased  by  over  50  per  cent  with 
the  same  amount  of  power. 

Improved  Sw^ pension.  The  shortcoming  of  the  dirigible  with 
reference  to  suspension  was  realized  more  than  ten  years  previous 
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y  a  Spaniard — ^Torres — but  owing  to  lack  of  financial  support,  he 
ras  unable  to  put  his  idea  into  execution.  The  principle  he  evolved 
3  made  clear  by  Fig.  14,  which  gives  a  section  of  an  Astra-Torres 
lirigible  illustrating  the  method  of  suspension.  Instead  of  the 
"opes  SR  used  to  suspend  the  car  being  attached  to  bands  passing 
iround  the  envelope,  these  reinforcing  bands  CB  and  also  the  ropes 
listened  to  them  are  placed  inside  the  envelope,  thus  eliminating 
lead  resistance  from  those  sources. 

Performance,  Failing  to  obtain  any  encouragement  in  Spain, 
rorres  finally  succeeded  in  interesting  the  French  Astra  Company, 
Rrhich  built  a  vedette,  or  scouting  airship,  of  a  little  over  50,00() 
mbic  feet  capacity.  It  was  pitted  against  the  Colonel  Renard,  at 
that  time  the  leading  unit  in  the  French  aerial  navy  and  the 
Fastest  airship  in  commission.  The  small  Torres  dirigible  so  com- 
pletely outclassed  its  huge  competitor  that  another  of  close  to 
300,000  cubic  feet  capacity  was  built  and  tried  against  the  Parscval 
with  similar  results.  An  Astra-Torres  dirigible  built  for  the 
British  government  showed  a  speed  in  excess  of  50  miles  per  hour. 
This  particular  dirigible  has  been  at  the  front  in  P>ance  almost 
since  the  outbreak  of  hostilities  and  has  rendered  considerable 
valuable  servnce.  Its  success  led  the  PVench  Government  to  order 
a  huge  replica  of  it,  having  a  capacity  of  over  800,000  cubic  feet 
and  with  motors  developing  1,000  horsepower,  which  would  give 
it  an  indicated  speed  of  60  miles  per  hour.  So  confident  were  its 
builders  of  attaining  or  even  exceeding  this,  that  an  order  for  a 
second  and  even  larger  airship  of  the  Astra-Torres  design  was 
placed  before  the  first  one  was  finished.  This  is  also  fitted  with 
motors  aggregating  1,000  horsep)ower  and  displaces  .SS  tons,  making 
it  larger  than  any  2ieppelin  that  had  been  constructed  up  to  the 
time  it  was  built.  As  its  construction  and  trials  were  undertaken 
during  the  war,  no  details  have  been  published,  but  it  is  said  on 
good  authority  that  its  speed  exceeds  60  miles  per  hour,  so  that  it 
b  faster  than  any  of  the  German  dirigibles. 

Construction.     Unlike  the  German  dirigibles,  the  larger  types 
of  which  have  been  characterized  by  a  rigid  frame,  the  Astra-Torres 
is  a  flexible  airship  and,  owing  to  its  method  of  suspension,  \t^ 
external  appearance  is  decidedly  unconventional,  since  the  envelope 
\xtsiead  of  being  of  the  usual  cigar  shape  is  more  like  a 


32  DIRIGIBLE  BALLOONS 

bundle  of  three  cigars  with  the  third  one  on  top.  At  the  point 
where  the  three  envelopes  join,  fts  shown  in  section,  Fig.  14,  heavj^ 
cloth  bands  CB  are  stretched  across  the  arcs,  forming  a  chord 
across  each  arc,  the  three  chords  comprising  an  inverted  triangle. 
The  suspension  ropes  SR  are  attached  to  the  opposite  ends  of  the 
base  of  this  inverted  triangle  and  converge  in  straight  lines  down- 
ward through  the  gas  space,  so  that  the  air  resistance  offered  by 
the  ropes  is  practically  eliminated  since  only  a  very  small  part  of 
the  suspension  system  appears  outside  the  envelope.  This  external 
part  consists  of  vertical  cables  A  attached  to  the  collecting  rings 
of  the  bracing  system  and  extending  downward  through  special 
accordion  sleeves  S  which  permit  the  free  play  necessarj^  at  the 
points  where  they  pass  through  the  outer  wall  of  the  envelope. 
These  sleeves  also  have  another  function — that  of  permitting  the 
escape  of  gas  under  the  pressure  of  expansion.  A  short  distance 
below  the  envelope  E  each  of  these  cables  splits  into  two  parts  C 
and  C  attached  to  opposite  sides  of  the  car. 

The  British  airship  mentioned  is  provided  with  but  one  car, 
but  the  larger  French  ships  have  two  placed  tandem,  each  of  which 
carries  a  50()-horsepower  motor  driving  two  two-bladed  propellers 
of  large  diameter.  While  the  form  of  envelope  made  necessary  by 
this  construction  increases  the  frictional  resistance,  this  is  negligible 
in  comparison  with  the  great  saving  in  power  effected  by  the  method 
of  suspension,  not  to  mention  the  greater  simplicity  of  construction. 

GERMAN   DIRIGIBLES 

Early  Zeppelin  Airships.  At  the  same  time  that  Santos-Dumont 
was  carrying  on  his  hazardous  experiments,  the  problem  was  being 
attacked  along  slightly  different  lines  by  Count  Zeppelin. 

It  will  be  remembereil  that  Dumont  experienced  much  trouble 
on  account  of  the  enveloixj  of  his  balloon  being  too  flexible,  causing 
it  to  crumple  in  the  middle  and  to  become  distorted  in  shape  from 
the  pressure  of  the  air.  His  efforts  to  overcome  this  by  the  employ- 
ment of  air  bags  did  not  meet  with  great  success,  even  in  his  later 
types. 

Construction.  Zepi>elin  employed  a  very  rigid  construction. 
His  first  balloon,  which  was  built  in  1898,  was  the  largest  which 
had  ever  been  made.     It  is  illustrated  in  Fig.  15,  which  shows  hfa   I 
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I  design  slightly  improved.  It  was  about  40  feet  iu  diameter 
and  420  feet  long — an  air  craft  as  large  as  many  an  ocean  ^'essel. 
The  envelopo  consisterl  of  two  distinct  bags,  an  outer  and  an  inner 
one,  with  an  air  space  between.  The  air  space  between  the  inner 
and  outer  envelopes  acted  as  a  heat  insulator  and  prevented  tht- 
gus  within  from  being  affected  by  rapid  changes  of  teraixrature. 
The  inner  bag  contained  the  gas,  and  the  outer  one  served  as  a 
pmtertive  covering.  In  the  construction  of  this  outer  bag  lies  the 
novelty  of  ZeppHn's  riesign.  A  rigid  framework  of  strongly  braced 
aluminum  rings  was  provided  and  this  was  covered  with  linen  and 
silk  which    had    been  specially  treated  to  present  leakage  of  gas. 


The  inner  cn\'elope  consisted  of  sev'enteen  gas-tight  compartments 
whi<'h  could  be  611ed  or  emptied  separately.  In  the  e\ent  of  the 
puncture  of  one  of  tliem,  the  balloon  would  remain  afloat.  An 
iiJuminum  keel  was  provided  to  further  increase  the  rigidity.  A 
stilling  weight  could  Ik;  ino\e<l  backward  or  forward  along  the  keel 
and  cause  the  nose  of  the  airship  to  point  upward  or  downward  as 
deured.  This  would  make  the  craft  move  upward  or  downward 
without  llirowing  out  ballast  or  losing  gas.  L'nder  each  end  of  the 
balloon  a  light  aluminum  car  was  rigidly  fastened  anfl  in  eiich  was 
n  16-horsepowcr  Daimler  gasoline  engine.  The  two  engines  could 
L.WDrked  either  independently  of  each  other  or  together.  Each 
^t  drove  a  vertical  and  horizontal    propeller.      The  propellers 
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each  had  four  aluminum  blades.  As  will  be  seen  from  Fig.  15,  the 
cars  were  too  far  apart  for  ordinary  means  of  communication  and  so 
speaking  tubes,  electric  bells,  and  an  electric  telegraph  system  were 
installed. 

First  Trials.  \  ery  little  was  known  as  to  the  effects  of  alight- 
ing on  the  ground  with  such  a  rigid  affair  as  this  vessel,  therefore 
the  cars  were  made  like  boats  so  that  the  airship  could  alight  and 
float  on  the  water.  The  first  trials  were  made  over  Lake  Constance 
in  July,  19(X).  The  mammoth  craft  was  housed  in  a  huge  floating 
shed,  and  the  vessel  emerged  from  it  with  the  gas  bag  floating 
above  and  the  two  cars  touching  the  water.  She  rose  easily  from 
the  water,  and  then  began  a  series  of  mishaps  such  as  usually  fall 
to  the  lot  of  experimenters.  The  upper  cross  stay  proved  too 
weak  for  the  long  body  of  the  balloon  and  bent  upward  about 
10  inches  during  the  flight.  This  prevented  the  propeller  shafts 
from  working  properly.  Then  the  winch  which  worked  the  sliding 
weight  was  broken  and,  finally,  the  steering  ropes  to  the  rudders 
became  entangled.  In  spite  of  all  this,  a  speed  of  18  feet  per 
second,  or  about  9  miles  per  hour,  was  obtained.  These  breakages 
made  it  necessary  to  descend  to  the  lake  for  repairs  and  in  alight- 
ing the  framework  was  further  damaged  by  running  into  a  pile 
in  the  lake.  The  airship  was  repaired  and  another  flight  was  made 
later  in  the  year,  during  which  a  speed  of  30  feet  per  second,  or 
20  miles  per  hour,  was  obtained. 

Second  Airship.  Zeppelin  had  sunk  his  own  private  fortune 
and  that  of  his  supporters  in  his  first  venture,  and  it  was  not  till 
five  years  later  that  he  succeeded  in  raising  enough  money  to 
construct  a  second  airship.  No  radical  changes  in  construction 
were  made  in  the  new  model,  but  there  were  slight  improvements 
made  in  all  its  details.  The  balloon  was  about  S  feet  shorter  than 
the  original  and  the  prop<*llers  were  enlarged.  Three  vertical  rud- 
ders were  placed  in  front  and  thrt^e  behind  the  balloon,  and  below 
the  end  of  the  craft  horizontal  rudders  were  installed  to  assist  in 
steering  upward  or  downward.  The  steering  was  taken  care  of 
from  the  front  car. 

The  most  important  change  was  made  p)ossible  by  the  improve- 
ment in  gasoline  engines  during  the  preceding  five  years.  Where, 
in  the  earlier  model,  he  had  two  IG-horsepower  engines,  he  now 
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ii-liorH'pi»wrr  i-iiiciiir  in  cmli  riir,  willi  prartin'ftlly  llie  same 
^lU.      Ill  fart.  tliD  total  Height  nf  tin-  ^'esscl  was  only  0  tons, 
•  hLs  first  iiirsliip  wciglietl    II)  tons. 

His  new  craft  made  many  siu-n'ssfiit  fliglits.  One  was  ntadc 
L  the  rate  of  .'JS  miles  per  hour  »nil  continueH  for  se\'en  hours, 
fffring  a  total  distance  of  20fi  miles. 

Later  Zeppelins.  The  later  Zeppelins  embody  no  remarkable 
deHigTi.  the  princip.il  alteration  iK'inR  In  size.  One  of 
Htraled  in  Fig.  K'-     In  tins  tlie  gas  bag  was  iiK-reascil 


It440  feet  in  length  and  it  held  over  4i;(l.(Hll)  cubip  feet  of  gas. 

a  gnvv  it  a  total  lifting  power  of  Hi  tons.     With  this.  Zepi)elin 

voyage  of  over  37-^  mile.-s.     He  was  in  the  air  for  twenty 

i  on  this  trip  and  carried  eleven  pas-sengers  with  hini. 

In  August,  1908,  the  Zeppelin  left  its  great  iron  house  at  Fried- 

tshafen  and  sailed  in  a  great  circle  over  Lake  Constance.     The 

day  Bfler  it  startefl,  howe\er,  it  was  tlestroyed  by  a  storm,  and  sudden 

destruction  frum  one  cause  or  another  has  ended  the  existence  of 

I  practically  ev^ry  one  of  the  Zeppelins  bnilt  since,  usually  after  a 

try  brief  period  of  service. 
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Shape  and  Framing.  In  the  early  days  of  dirigible  design 
the  data  upon  vhich  the  shape  and  proportions  of  the  envelope 
were  based  were  purely  empirical.  Schwartz,  Germany's  pioneer 
in  this  field,  adopted  the  projectile  as  representing  the  form  offer- 
ing the  least  air  resistance  and  accordingly  designed  his  envelope 
with  a  sharply  pointed  bow  and  a  rounded-off  stern,  giving  it 
a  length  four  times  its  diameter.  Zeppelin  did  not  agree  with 
these  conclusions  and  adopted  a  pencil  form,  rounded  at  the  nose 
and  tapering  to  a  sharp  point  at  the  stem,  making  the  length 
nine  to  ten  times  the  diameter.  Subsequent  research  work  in  the 
aerodynamic  laboratory  has  demonstrated  that  the  most  efficient 
form  for  air  penetration  is  one  having  a  length  six  times  its  maxi- 
mum diameter  with  the  latter  situated  at  a  point  four-tenths  of 
the  total  length  from  the  bow.  It  has  likewise  been  proved  that 
an  ellipse  is  more  efficient  than  either  the  projectile  or  pencil  form 
and  that  tapering  to  a  sharp  point  at  the  stern  offers  no  particular 
advantage.  As  a  result,  the  most  approved  form  resembles  the 
shape  of  a  perfecto  cigar,  the  nose  being  somewhat  blunter  than 
the  after  end.  This  form  is  likewise  that  of  the  swiftest-swimming 
fishes  and  has  been  shown  to  have  the  least  head  resistance  as 
well  as  the  minimum  skin  friction;  it  results  in  a  section  to  which 
the  term  stream-line  has  been  applied,  and  it  is  now  employed  on 
all  exposed  non-supporting  surfaces  on  aeroplanes,  such  as  the  struts 
and  even  the  bracing  cables.  Laboratory  research  has  demon- 
strated that  it  is  worth  while  to  reduce  the  head  resistance  of  even 
such  apparently  negligible  surfaces  as  those  presented  by  these  wires 
and  cables  and,  therefore,  they  are  stream-lined  by  attaching  recessed^ 
triangular  strips  of  wood  to  their  forward  sides. 

Framing  Details,  Despite  this,  the  builders  of  the  Zeppelins 
have  adhered  to  the  original  pencil  shape  with  but  slight  modifi- 
cations at  the  bow  and  stern,  probably  because  that  shape  is 
much  easier  to  build  and  assemble  from  standard  girders.  The 
form  of  girder  employed  is  shown  in  Fig.  17,  while  the  complete 
assembly  of  the  frame  is  illustrated  in  Fig.  18.  The  girders  form 
the  longerons,  or  longitudinal  beams,  running  the  entire  length  of 
the  rigid  frame  and  supported  at  equidistant  points  by  ring 
members  built  of  similar  girder  sections.  The  fourth  ring  from  the 
nose  and  each  alternate  ring  after  that  are  further  braced  by  being 
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ito  the  longitudiiml  beams  around  their  entire  circumferences, 
us  shown   in  Fig.  18,     The  larger  V-shapcd   truss  at  the  Ixittoiii   ' 
forms    the    gangway,    which   is   now   placed    inside   tlie   envelope 
instead  of  being  suspended  beneath  it.  as  formerly.     This  is  done   ] 
to  eliminate  the  hea<l  resistance  set  tip  by  the  additional  surface   ' 


In  the  first  instance  in  which  this  gangway  was 
incorporated  in  the  envelope,  no  provision  was  made  for  ventila- 
iioo,  and  the  ship  was  wTecked  by  a  gas  explosion.  Regardless  of 
hfiw  tight  the  fabric  is  made,  gas  is  alwajs  oozing  out  through  it 
to  a  greater  or  less  extent.  This  fact  is  now  met  by  providing 
V'eniiluting  shafts  leading  from  the  gangway  to  the  npper  surface 


of  the  envelope.  Additional  shafts  through  the  envelope  lead  to 
;un  platforms,  forward,  amidships,  and  aft,  and  are  reached  by 
iluminum  ladders. 

Framing  of  Schvtte-Lanz  Type.  It  has  become  customary  to 
-'.HT  to  all  large  Gennan  airships  as  Zeppelins,  but  many  of  those 
'i-«d  duriiij:  the  past  three  years  have  been  of  the  Schutte-Lanz 
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Imild,  which  is  ulso  a  rinid  frame  tyix'  of  dirigibie  but  has  been 
desiRned  with  a  view  of  o^ercnmiiiR  some  of  the  disadvantages  of 
the  aluminum  frame  coiistniction  encountered  in  the  use  of  the 
Zeppelin.  The  lengtli  and  diameter  of  the  latter  airships  are  such 
that,  no  matter  how  rigidly  the  framing  is  assembled,  there  is  more 
or  less  sag.  WTien  the  sag  exceeds  a  certain  amotmt,  the  frame 
is  apt  til  buckle  at  tlie  point  where  it  occurs,  involving  expensive 
repairs  or  wrecking  the  airship  altogether.  To  overcome  this 
difliciiltj',  the  Schiitte-I.^nz  tx'pe  employs  a  rigid  frame  of  flexible 
material,  namely,  laminated  v.ood  in  strip  form,  held  together  at 
joints  and  crossings  by  aluminum  fittings  and  braced  inside  by 
cables.  As  shown  b\'  Fig.  Ifl,  no  rigid  loufiptudinal  beams  are 
employe<l,  the  only  girders  used  l>eing  rings,  to  which  a  network 
built  of  the  wiHul  strips  is  iittachcd.  Starting  at  the  nose,  each 
continuous   strip   follows  nn   open   spiral   path   such  as   would   be 


traced  in  the  air  by  a  screw  of  very  large  pitch,  in  fact,  approxi- 
mating the  rifling  of  a  gnu  l)arrel.  It  will  also  be  noted  from  the 
illustration  that  the  form  of  the  Schutte-I.«n2  airship  is  the  cigar< 
shape,  which  laboratory'  research  has  shown  to  he  the  most  efficient. 
The  use  of  wood  in  coiijimction  with  the  spiral  construction  of 
the  supporting  menil>ers  of  the  framing  afFonis  the  maximum  degree 
of  flexibility,  since  the  lii.splacement  of  any  of  these  members  under 
stn^sscs  of  either  tension  or  compression  would  have  to  be  verj' 
gn'at  to  cause  damage  to  the  frame  as  a  whole.  The  frame  not 
being  rigid,  strictly  speaking,  either  as  units  or  as  a  complete 
assembly,  stress  at  any  particular  point  would  simply  cause  all  the 
members  near  that  point  to  give  in  the  direction  of  the  strain, 
and  the  rest  of  the  frame  would  accommodate  itself  to  their  change 
of  position  by  either  elongating  or  shortening  slightly.  In  addition 
to  these  ativantages,  the  Schutte-Lanz  t>pe  of  constniction  is  sud 
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to  be  lighter  than  the  Zeppelin  for  an  airship  of  tlie  same  load- 
carr^-ing   capacity. 

Power  Plant.  Compared  with  their  successors  of  war  times, 
the  early  Zeppelins  were  mere  pigmies  where  power  is  concerned. 
Many  of  these  pioneers  were  driven  by  less  than  100  horsepower 
all  told,  whereas  in  the  later  types  no  single  motor  unit  as  small  as 
this  total  has  been  employed.  The  motors  used  most  largely 
have  been  the  160-horsepower  Mercedes  and  the  200-horsepower 
Maybach,  both  of  which  are  described  in  detail  under  the  title 
"Aviation  Motors/'  From  five  to  ten  of  these  units  have  been 
use<l  on  a  single  ship,  giving  an  aggregate  in  some  of  the  latest 
types  of  close  to  2,000  horsepower.  Power  has  been  applied 
thn>ugh  five  or  six  propellers  to  limit  their  diameter  and  to  guard 
against  the  breakdown  of  any  one  ol  the  units  putting  the  power 
plant  out  of  c*ommission  as  a  whole.  To  distribute  the  weight  of 
the  engines  equally  and  to  insure  each  propeller  a  position  in  which 
it  can  work  in  undisturbed  air,  the  engines  have  been  placed  at 
widely  separated  points  on  the  airship  and  in  different  planes  so 
that  no  two  are  coaxial.  The  main  engine  room  is  usually  located 
in  a  cabin  just  back  of  the  operating  bridge  and  wireless  room, 
while  the  remaining  motors  arc  susj)ended  in  indei^indent  gondolas 
at  <lifferent  points  along  the  sides.  Wiere  more  than  1,000  horse- 
power has  been  used,  each  of  these  gondolas  has  b(»en  fitted  with 
two  motors  placed  side  by  side  and  so  coupled  that  either  one  or 
Ixith  may  l>e  employed  to  drive  the  single  propeller  carried  by  the 
pn>pelling  car.  All  the  more  recent  propellers  have  been  of  the  two- 
bhided  type. 

Control  Surfaces.  The  numerous  exi)edients  formerly  resorted 
to  by  various  designers  in  providing  for  stabilizing,  stt»ering,  and 
elevating  surfaws  have  been  abandoned  for  forms  that  are  practi- 
cally a  duplication  of  aeroplane  practice.  Experience  demonstrated 
that  the  different  types  of  multiplane  rudders,  elevators,  and  stabil- 
izing surfaces  employed  in  earlier  days  not  only  offered  no  operating 
advantages  but  were  actually  detrimental,  in  that  tliey  increase<l 
the  head  resistance  unnecessaril3\  Moreover,  their  complication 
meant  increased  weight  and  weaker  construction.  They  have 
accordingly  been  displaced  by  monoplane  surfaces  which  are  of 
exactly  the  same  type  of  construction  as  those  used  on  the  aero- 
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plane  and  the  location  and  proportions  of  which  are  very  evi- 
dently based  on  aeroplane  practice.  Both  the  horizontal  and 
vertical  stabilizers  are  of  approximately  triangular  form  and  have 
the  steering  and  elevating  surfaces  hinged  to  them  at  their  after 
ends,  so  that,  except  for  the  pointed  extremity  of  the  envelope 
which  extends  beyond  them,  the  tail  unit  of  the  later  Zeppelins  is 
practically  the  same  as  the  empennage  of  an  aeroplane.  The 
horizontal  surfaces  are  apparently  depended  on  entirely  to  effect 
the  ascent  and  descent,  there  being  no  evidence  of  sniveling  pro- 
pellers by  means  of  which  the  power  of  the  engines  could  be 
employed  to  draw  the  airship  up  or  down.  The  great  weight  of 
ballast  carried  is,  of  course,  in  the  form  of  water,  but  this  is 
discarded  in  order  to  ascend  only  when  the  power  of  the  engines 
exerted  against  the  elevating  planes  is  no  longer  capable  of  keeping 
the  airship  at  the  altitude  desired.  In  the  low  temperatures 
encountered  in  night  flights,  however,  the  contraction  of  the  hydro- 
gen gas  is  so  great  that  the  crew  has  found  it  necessary  to  reduce 
the  weight  by  discarding  not  only  every  pound  of  ballast  but,  as 
far  as  possible,  everything  portable.  Despite  this,  several  airships 
have  fallen  when  their  fuel  supply  was  exhausted,  one  coming  to  the 
ground  in  Scotland,  two  dropping  into  the  North  Sea,  and  three 
or  four  falling  in  France. 

Operating  Controls.  All  the  operating  controls  are  centered  at 
the  navigating  bridge,  which  is  inclosed  to  form  the  commander's 
cabin.  By  means  of  push  buttons,  switches,  levers,  and  wheels 
every  operating  function  required  is  set  into  motion  from  this 
central  point.  \Miether  auxilliary  motors  are  carried  for  the  pur- 
pose of  pumping  air  into  the  balloonets  or  this  is  one  of  the  duties 
of  the  main  engine  just  back  of  the  wireless  room  does  not  appear, 
but  with  the  aid  of  a  push  button  board  the  amount  of  air  in  any 
of  the  balloonets  may  be  increased  or  decreased  at  will.  There  b 
a  control  button  for  each  operation,  or  two  for  each  balloonet, 
which  fact  necessitates  a  rather  forbidding  looking  board,  since  the 
more  recent  Zeppelins  have  seventeen  to  nineteen  gas  bags  within 
each  of  which  is  incorporated  an  air  balloonet. 

The  amount  of  fuel  supplied  to  any  one  of  the  motor  units 
can  likewise  be  controlled  from  a  central  board,  and  this  is  also 
true  of  the  ballast  release  apparatus,  so  that  water'can  be  emptkd 
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1  any  one  of  the  ballast  tanks  at  will,  thu3  fadlituting  a^a-iit 
r  descent  by  lightening  one  end  or  the  other.  Elevating  and 
leering  surfaces  are  operated  by  small  hand-steering  wheels  with 
ftbles  passing  around  their  drums,  a  member  of  the  crew  being 
tatiooed  at  each  of  these  controlling  wheels.  Owing  to  the  nnni- 
er  of  motors  used,  tlie  instrument  board  is  the  most  tormiilabic 
ppcaring  piece  of  apparatus  on  the  bridge,  since  there  is  a  revo- 
jtion  counter  for  each  power  unit  in  addition  to  the  numerous 
ther  instruments  required.  Some  of  these  instruments  iirc  the 
ueroid  barometer  For  indicating  the  altitude,  transverse  and 
ingitudinai  clinometers  to  show  the  amount  of  heel  and  the  angle 
t  which  the  airship  is  traveling  with  relation  to  the  horizontal, 
he  anemometer,  or  air-speed  indicator,  manometers,  or  pressure 
KOges,  for  each  one  of  the  gas  bags,  fuel  and  ballast  suppl>' 
AOgfis,  drift  indicators,  electric  bomb  releasers,  mileage  recorders, 
nd  the  like.  In  addition  to  these,  there  are  a  large  chart  and  u 
ompass,  so  the  navigating  bridge  of  a  Zeppelin  combines  in  small 
pace  all  the  instruments  to  be  found  in  the  engine  room  and  on 
he  bridge  of  an  ocean  liner  besides  several  which  the  latter  does 
iot  require.  That  the  proper  coordination  of  all  the  functions  men- 
ioned  is  an  exceedingly  difficult  task  for  nne  man  seems  evident 

i  the  numerous  Zeppelins  that  have  apparently  wrecked  theni- 

I  Carried.  In  the  various  Zeppelins  that  have  been  cap- 
'  or  shot  down  by  the  British  or  French,  the  personnel  has 
I  from  fifteen  to  thirty  men  but  in  the  majority  of  instances 
113  not  exceedwi  twenty.  The  positions  and  duties  are  about  as 
oUowh:  The  commander,  lieutenant-commander,  and  chief  cngi- 
leer,  atid  possibly  a  navigating  officer  are  stationed  at  the  briilge. 
Two  or  three  of  the  crew  are  also  stationed  there  to  work  the 
Iftlly  operated  controls.  In  the  cabin  just  back  of  the  bridge 
>  wireless  operators  and  one  or  two  engine  attendants  for 
lotors  in  the  engine  room  behind  the  wireless  rotim.  A 
mmiir  nuinher  of  engine  attendants  are  stationed  in  the  after 
I'-  room  and  there  is  at  least  one  attendant  for  each  of  the 
r  motor  units.  One  man  is  stationed  at  each  machine  gim,  of 
\  there  arc  three  to  five  on  the  "roof"  and  two  in  each  car, 
t  lewt  as  many  bombers  are  needed  to  load  the  "droppers." 
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As  a  reserve  there  are  usually  an  additional  gun  pointer  for  each 
gun  and  an  extra  engine  attendant,  since  to  run  continuously  most 
of  the  crew  would  have  to  stand  watch  and  watch  as  in  marine 
practice.  The  sleeping  accommodations  consist  of  canvas  hammocks 
slung  in  the  gangway. 

Explosives  Carried.  In  addition  to  a  liberal  supply  of  ammu- 
nition for  the  machine  guns,  a  large  weight  of  bombs  is  carried, 
though  the  quantity  as  well  as  the  size  of  the  bombs  themselves 
has  been  exaggerated  in  the  same  or  even  greater  ratio  than  that 
which  has  proved  characteristic  of  the  (Jerman  military  press- 
agency  service.  The  bombs  are  carried  suspended  in  racks  amid- 
ships, and  the  bomb  droppers  are  also  located  at  that  part  of  the 
ship  so  that  the  release  of  the  bombs  will  not  upset  the  longitudinal 
equilibrium  of  the  craft.  The  bomb-dropping  apparatus  is  con- 
trolled electrically  from  the  navigating  bridge  but  may  also  be 
operated  by  hand  from  the  same  point.  It  has  been  reported  by 
the  Germans  that  their  latest  types  of  Zeppelins  are  capable  of 
dropping  bombs  weighing  1  ton  each.  In  view  of  the  eflFect  that 
the  sudden  release  of  a  weight  of  1  ton  would  have  on  the  airship 
itself,  this  is  manifestly  very  much  of  an  exaggeration.  Zeppelin 
bombs  that  have  failed  to  explode  have  never  exceeded  200  to  300 
pounds  and  many  of  those  employed  are  doubtless  still  lighter. 
So  far  as  the  total  amount  carried  is  concerned,  many  of  the  later 
airships  doubtless  are  capable  of  transporting  2  to  l)  tons  and  still 
carrying  sufficient  fuel,  though  adverse  conditions  would  prevent 
their  return,  as  has  frequently  happened. 

BRITISH   WAR   DIRIGIBLES 

Adoption  of  Small  Type.  German  designers  have  continued 
to  pin  their  faitli  blindly  to  the  huge  rigid  type,  despite  the  fact 
that  prior  to  the  war  almost  a  dozen  of  these  costly  machines  met 
with  disaster  as  fast  as  they  could  be  turned  out.  Since  the 
war  stiirted,  their  destruction  has  kept  pace  pretty  closely  ^nth 
their  building  without  their  accomplishing  anj'thing  of  militar}' 
value.  The  British  naval  aeronautic  service,  on  the  other  hand, 
appreciated  the  futility  of  such  tremendous  and  unwieldy  construc- 
tion and,  after  a  single  demonstration  of  its  uselessness,  abandoned 
it  altogether.    This  single  attempt  was  the  ill-fated  Mayfly,  which 
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was  most  appropriately  named,  since  its  performance  resolved  into 
a  certainty  the  doubt  expressed  by  its  title.  In  being  taken  out 
of  its  shed,  the  framing  of  the  airship  was  damaged,  and  it  col- 
lapsed a  few  minutes  later  so  that  it  never  did  fly.  One  of  the 
early  types  of  small  British  dirigibles  is  show^n  in  Fig.  20. 

Attention  has  since  been  concentrated  in  most  part  on  the  con- 
struction of  aeroplanes  in  constantly  increasing  numbers,  although 
the  dirigible  has  not  been  given  up  altogether.  However,  its  restricted 
usefulness  as  well  as  the  necessary  limitations  of  its  effective  size* 
has  been  recognized.  Early  in  the  war  Great  Britain  planned  the 
construction  of  fifty  small  dirigibles,  of  both  the  rigid  and  nonrigid 
tvpes,  all  of  w^hich  have  undoubtedly  since  been  completed.  They 
are  small  airships  designed  chiefly  for  scouting  and  short-range 
bombing  raids  over  camps  when  in  army  service  and  for  coast 
patrol  and  submarine  hunting  as  an  aid  to  the  naval  forces.  While 
no  specifications  are  available,  the  cubic  capacity  of  these  patrol 
airships  probably  does  not  exceed  50,00()  to  7r),()00  cubic  feet,  their 
over-all  length  being  approximately  10()  to  12')  feet. 

Aeroplane  Features.  To  simplify  the  construction  and  at  the 
same  time  minimize  the  amount  of  head  resistauce,  the  car  consists 
of  an  aeroplane  fuselage  of  the  tractor  type,  fitted  with  a  compara- 
tively .small  motor — under  100  horsepower — and  ha\'ing  accommoda- 
tions for  a  pilot  and  an  observer  in  two  cockpits,  plac^ed  tandem. 
The  control  surfaces  are  also  similar  to  those  used  in  aeroplane 
construction.  Despite  their  low  power,  these  dirigibles  can  make 
40  miles  an  hour,  owing  to  their  greatly  reduced  head  resistance. 
Instead  of  employing  either  an  auxiliary  blowing  motor  or  a 
blower  driven  by  the  motor  itself,  the  supply  duct  to  the  air 
Uilloonet  is  made  rigid  and  is  sloped  forward  so  that  its  open  end 
comes  directly  in  the  slip  stream  of  the  propeller;  thus  the  latter 
ser\'es  to  inflate  the  balloonet  as  well  as  to  drive  the  dirigible. 
ITie  desired  amount  of  inflation  is  controlled  by  a  valve. 

Use  in  Locating  Submarines.  Many  of  these  small  scouting 
and  naval-pmtrol  dirigibles  have  given  a  good  account  of  them- 
selves and  comparatively  few  have  met  with  accident  or  have  been 
destroyed  by  the  enemy.  On  frequent  occasions  they  have  been 
very  successful  in  locating  submarines  below  the  surface,  since  the 
body  of  the  under-water  boat  is  readily  detected  from  an  altitude 
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shown  fully  inflated  as  they  would  be  after  the  gas  bag  had  los. 
a  considerable  proportion  of  its  original  contents  through  leakagi 
or  expansion.  At  the  beginning  of  a  flight,  when  the  gas  bag  L 
fully  inflated  with  hydrogen,  they  lie  perfectly  flat  along  the  lowei 
side  of  the  envelope,  being  brought  into  service  only  as  they  an  _^ 
needed  to  keep  the  envelope  distended  to  its  full  volume.  "" 

The  novel  method  of  suspension  to  which  this  type  of  dirigiUt 
owes  its  greater  speed  and  fuel  economy,  because  of  the  reductioD 
of  the  head  resistance,  is  shown  by  the  numerous  supporting  ropes 
O'-O'-Oy  which  terminate  in  a  comparatively  few  cables  attadied 
to  the  car.  In  the  small  British  airships  referred  to  here,  there  is 
but  one  small  car  designed  to  carry  a  crew  of  two  men  and  the 
engine  is  of  comparatively  low  power,  driving  a  propeller  at 
either  end  of  the  car,  but  in  the  large  French  dirigibles  of  the 
same  type,  two  large  cars  are  placed  tandem  some  distance  apart  ' 
and  are  fitted  with  500-horsepower  motors.  The  various  parts 
indicated  by  the  letters  are:  CC  propellers,  1)  motor,  F  spmce  for 
pilot  and  crew,  G  fuel  and  oil  tanks,  ./  guide  rope.  A'  gas  valve, 
LL  air  valves,  NX  balloonet  cable,  P  rudder,  (^  stabilizer,  RR 
bracing  cables,  and  S  the  car  itself. 

MILITARY   USES,  OF  ZEPPELINS 

Limitations  of  Use.  Nothing  excites  the  Teutonic  imagination 
so  strongly  as  things  military  to  which  the  characteristic  German 
adjective  kolossal  can  be  enthusiastically  applied.  It  was  for  this 
reason  that,  despite  its  uniform  record  of  tragic  disaster  for  years 
before  the  war,  the  Germans  pinned  their  faith  to  the  Zeppelin  as 
a  weapon  that  could  not  fail  to  strike  terror  to  the  hearts  of  the 
British  and  French  and  make  them  hasten  **to  sue  for  peace." 
However,  apart  from  its  reputed  employment  on  the  single  ooca* 
sion  that  the  German  grand  fleet  left  the  security  of  the  Kid 
Canal,  it  is  not  known  to  have  been  used  in  any  purely  military 
operation.  The  aeroplane  has  been  developed  to  a  point  that« 
in  spite  of  the  ability  of  the  Zeppelin  to  ascend  rapidly  when  hard 
pressed,  would  make  it  suicidal  for  one  of  the  huge  gas  bags  to'^ 
sally  forth  in  daylight,  unless  attended  by  a  large  number  c* 
battle  planes  to  prevent  enemy  flj^ing  machines  from  attacking  i 
No  such  use  of  the  Zeppelin  has  been  recorded  thus  far.    O 


DIRIGIBLE   BALLOONS  47 

sequently,  it  has  been  used  only  in  nocturnal  bomb-dropping 
expeditions,  chiefly  directed  against  London  and  only  undertaken 
when  weather  conditions  made  detection  difficult.  In  order  to 
carry  these  out,  it  has  been  necessary  to  establish  stations  in 
Belgium,  since  the  fuel  consumption  of  the  Zeppelin  is  so  great 
that,  even  with  its  tremendous  fuel  supply  of  3  to  5  tons,  a  flight 
to  London  and  return  to  points  well  within  the  German  border  is 
iinpracticable.  The  first  raids  of  this  character  were  carried  out 
successfully,  but  subsequent  attempts  were  marked  by  the  loss 
of  one  or  two  airships  on  each  occasion,  so  that  the  practice  was 
abandoned  as  being  too  expensive  for  the  results  attained  and  aero- 
planes were  substituted. 

Number  Built.  Taking  it  for  granted  that  the  numbering  of 
the  German  airships  has  been  consecutive,  the  total  number  built 
during  the  first  three  and  one-half  years  of  the  war  by  the  Germans 
would  be  between  eighty  and  one  hundred.  All  large  (lerman  air- 
ships have  come  to  be  commonly  termed  Zeppelins,  hut  a  number 
of  them  were  of  tlie  Schutte-Lanz  type,  almost  equally  large  and 
also  characterized  by  rigid  construction,  which,  however,  was  of 
w(K)d  with  aluminum  fittings  instead  of  being  all  metal,  as  it  was 
found  that  the  huge  metal  frame  accumulated  a  static  charge  of 
high  potential  that  was  responsible  for  igniting  the  gas  in  one  or 
two   instances. 

Weakness  of  Type.  The  L-I  (Lvftschiff,  or  airship),  the  first  of 
the  German  airships  designed  for  purely  military  purposes,  was  a 
Zeppelin  52a  feet  long  by  50  feet  in  diameter,  of  777,000  cubic 
feet  capacity,  and  22  tons  displacement.  Its  three  sets  of  motors 
developed  500  horsepower  and  it  had  a  speed  of  52  miles  per 
hour.  It  was  launched  at  Friedrichshafen  in  1912,  and  after  a 
number  of  successful  cross-country  trips,  it  was  tried  in  connec- 
tion with  naval  maneuvers  off  Heligoland.  Before  the  trial  had 
proceeded  very  far,  a  sudden  squall  broke  the  backbone  of  the 
huge  gas  bag  and  hurled  it  into  the  sea,  drowning  fifteen  out  of 
the  crew  of  twenty-two.  It  is  a  striking  commentary  on  the 
frailness  of  these  aerial  monsters  that  every  one  of  the  big  airships 
built  up  to  that  time  had  met  disaster  in  an  equally  suddew 
manner  but  from  s  tot&lly  different  cause  in  eacii  instance.  T\\e 
2-7/  if«5  s/iirAt/r  shorter  hut  had  5  feet  lonfrcr  lx?am   and   cWs- 
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placed  27  tons.  She  was  designed  particularly  for  naval  use,  had 
four  sets  of  motors  developing  900  horsepower,  and  was  fitted  with 
a  navigating  bridge  like  that  of  a  ship.  It  was  confidently  thought 
that  all  possible  shortcomings  had  been  remedied  and  success 
finally  achieved  in  the  L-II,  but  before  there  was  any  opportunity 
to  demonstrate  its  efficiency,  the  airship  exploded  in  mid-air,  kiUing 
its  entire  crew. 

Effectiveness  Grossly  Overrated,  Despite  this  unbroken  chain 
of  disasters,  the  German  official  press  bureau  spread  broadcast 
the  prowess  of  the  Zeppelin,  its  magnificent  ability,  and  its  remark- 
able achievements  as  an  engine  of  war — in  theor>%  since  this  was  a 
year  or  two  prior  to  the  outbreak  of  hostilities.  Had  it  not  been 
for  the  forced  descent  of  the  Zeppelin  IV  at  Luneville,  where  it 
was  taken  possession  of  by  the  French,  these  tales  might  have 
been  accepted  at  their  face  value.  But  the  log  of  the  commander 
of  this  airship  showed  that  its  maximum  speed  was  but  45  miles 
per  hour,  the  load  10,560  pounds,  and  the  ascensional  effort  45,100 
pounds.  The  fuel  consumption  averaged  297  pounds  per  hour 
while  the  fuel  capacity  was  only  sufficient  for  a  flight  of  seven 
hours.  During  its  flight,  it  had  reached  an  altitude  of  only  6,250 
feet,  to  accomplish  which  over  3  tons  of  ballast  had  to  be  dropped. 
It  was  also  shown  that  the  critical  flying  height  of  these  huge  air- 
ships is  between  3,500  and  4,000  feet,  Zeppelin  himself  declaring 
that  his  machines  were  useless  above  5,000  feet.  This  probably 
accounts  for  the  fact  that  the  early  raids  on  English  towns  were 
carried  out  at  a  height  but  slightly  in  excess  of  2,000  feet.  Later 
types,  however,  are  said  to  have  reached  high  altitudes. 

Shortly  before  the  outbreak  of  the  war  the  L-5  was  completed. 
This  had  a  capacity  of  about  1,000,000  cubic  feet,  motors  aggre- 
gating 1,000  horsepower  or  over,  and  a  reputed  speed  of  65  miles 
per  hour.  Just  what  was  the  fate  of  this  particular  ship  did  not 
become  known,  since  information  of  a  military  character  has  not 
been  permitted  to  leak  out  of  Germany  from  that  time  on.  But 
capture  or  destruction  has  accounted  for  many  of  the  intermediate 
numbers  of  the  series;  big  German  airships  have  been  brought 
down  in  England,  in  the  North  Sea,  in  France,  and  at  Saloniki, 
their  loss  culminating  in  the  disaster  to  four  out  of  the  fleet  oi  five 
that  attempted  a  raid  over  London  but  were  caught  by  adverse 
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winds  whifji  exhausted  tlicir  fuel  supply  so  tliat  tbey  were  blowi 

■  out  (if  control,  toward  the  south  of  France.     Pretith  anti-airc 

■  batteries   or  aeroplanes  accounted   for  three   of  tliese,   while  I 
('fourth,  the  L-19,  was  captured  intact. 

L-49.     An  essential  part  of  the  equipment  of  every  form  i 

f  Gennan  mihtary  apparatus  is  a  means  of  destroying  it  in  case  o 

I  capture.     In  the  case  of  the  hig  airships,  tlie  officers  are  prov'ide< 

litli  n-viitvers  loaded  with  incendiary  hullets,  which  are  fired  into 
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but  did  not  do  sufficient  damage  to  prevent  reassembly  of  the 
parts  with  little  trouble.  With  the  exception  of  the  earlier  type 
of  Zeppelin  that  was  forced  to  descend  at  Luneville  prior  to  the 
war,  the  Lr49  was  the  first  that  was  ever  known  to  have  landed 
undamaged  in  hostile  territory,  as  practically  all  the  others  were 
destroyed  in  the  air,  most  of  them  having  been  wrecked  either  by 
aeroplane  or  anti-aircraft  fire.  Fig.  22  shows  the  Ii-49  as  it  rested 
on  a  hillside  at  Bourbon-les-Baines,  France,  and  Fig.  2'4  shows  u 
close  view  of  the  nose  of  the  monster. 

Standardized  Parts.  Comparing  the  1^9  with  many  of  its 
predecessors  led  to  the  conclusion  that  it  was  one  of  the  latest 
types,  but  an  inspection  of  its  construction  revealed  tlie  use  of 
many  parts  produced  in  quantities  from  standard  patterns  as  well 
as  a  lack  of  the  finish  that  has  always  characterized  airship  con- 
struction. Appearance  and  comfort  had  both  been  sacrificed  witli 
a  view  to  saving  the  last  ounce  of  superfluous  weight  in  order  to 
carry  more  fuel  and  ammunition.  Evidently  tlie  production  of 
the.se  large  airships  has  been  reduced  to  a  manufacturing  basis  and 
they  are  constructed  in  series  in  much  the  same  manner  as  motor 
cars,  though  oa  a  reduced  scale. 

General  Design.  In  its  general  construction  tlie  1^9  was 
along  the  same  lines  that  have  characterized  the  Zci)polin  since  its 
inception,  the  outer  envelope  being  stretched  over  a  rigid  frame  of 
aluminum  girders,  inclosing  a  large  number  of  indepcMident  balloons 
inflated  with  the  usual  hydrogen  gas,  no  trace  being  discovered  of 
the  non-inflammable  gas,  the  discovery  of  which  liad  been  hailed 
by  the  German  press.  The  commander's  cabin  was  suspended 
well  forward  with  the  wireless  room  directlv  behind  it,  while  a 
V-*>haped  gangway",  recessed  in  the  envelope  proper  so  as  to  present 
no  additional  head  resistance,  ran  back  from  the  latter  the  whole 
length  of  the  ship.  This  and  the  gun  platform  on  toj),  mounting 
two  machine  guns  and  reached  by  a  ladder  suspended  in  a  well 
amidships,  have  been  familiar  features  of  all  the  recent  Zeppelins. 
The  main  envelof)e  contained  nineteen  independent  gas  bags,  each  of 
which  was  made  integral  with  an  air  balloonet  to  take  care  of  the 
expansion  and  contraction  of  the  hydrogen  with  varying  altitudes 
and  temperatures.  Distributed  along  the  lower  part  of  the  frame 
inside  the  envelope  were  a  series  of  50-galloii  water-ballast  tanks. 
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Power  Plant,  No  less  than  nine  large  motors  were  employed 
to  drive  the  huge  gas  bag,  the  maximum  horsepower  probably 
aggregating  1,600  to  2,000.  The  motors  were  distributed  in  five 
different  locations,  the  largest  being  suspended  just  abaft  the 
wireless  room.  The  remainder  were  placed  in  self-contained  units 
in  the  form  of  gondolas  suspended  from  the  sides  of  the  frame,  as 
shown  in  Fig.  24,  the  outline  being  that  of  a  blunt-nosed  fish. 
Each  of  these  gondolas  carried  two  motors  placed  side  by  side 
and  coupled  up  so  that  either  one  or  both  could  be  employed  to 
drive  the  single  propeller.  For  cruising  speeds  one  motor  in  each 
gondola  supplied  sufficient  power  or  in  some  gondolas  both  motors 
could  remain  idle.  Xo  accommodation  was  provided  for  attendants 
in  the  gondolas,  any  of  which  could  easily  be  reached  by  light 
ladders  from  the  inclosed  gangway. 

To  insure  greater  safety,  the  fuel  supply  was  divided  among 
sixteen  tanks,  all  of  which  were  interconnected  with  each  other 
and  the  engines  so  that  gasoline  from  any  tank  or  tanks  could  be 
diverted  to  any  particular  engine.  The  supply  of  lubricating  oil 
for  each  engine  was  carried  in  a  tank  in  the  gondola  itself. 

ConfroL  \'ertical  and  horizontal  stabilizing  surfaces  of  conven- 
tional form  were  built  on  the  sharply  tapering  rear  end  of  the 
frame,  the  elevator  and  rudder  being  similar  to  those  used  in 
aeroplane  construction,  except  that  the  rudder  was  in  two  sections, 
the  larger  of  which  was  placed  on  top  of  the  envelope.  The  con- 
trol of  these  surfaces,  th(*  operation  of  all  the  engines,  the  control 
of  the  water  ballast,  the  air  supply  to  the  balloonets,  and  the  fuel 
supply  to  the  motors  were  all  concentrated  at  a  panel  board  in  the 
commander's  cabin,  the  forward  end  of  which  bore  a  close  resem- 
blance to  the  hriflge  of  a  man-of-war.  By  means  of  thirty-eight 
push  buttons,  half  red  and  half  white,  air  could  be  released  from 
or  pumped  into  the  balloonets,  while  in  a  similar  manner  the 
contents  of  any  one  of  the  water-ballast  tanks  could  be  emptied. 
Elaborate  controls  were  provider!  for  the  power  plant,  it  being 
possible  to  vary  the  speed  or  stop  any  one  or  more  of  the  motors 
from  the  bridge.  The  rudder  and  elevators  w^ere  operated  by 
means  of  small  hand  wheels,  similar  to  a  marine  steering  wheel. 
One  of  the  most  prominent  features  of  the  operating  cabin  was  a 
huge  chart  frame,  capable  of  carrying  a  large  sc^le  map  covering  a 
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roBS}derab}e  area.,       *3    well    as   an   ample    supply   of   maps.     Few 
■  ■(rmeiits  npr<?      /'cmnd    in    the  captured   ship  ami   it   is  thought 


highly  proUWp  tb^(  ever^tbiag  not  fastened  in  place  VaA  \>«i 
Juwp»i  o*^bo»nl  at  the  /»st  to  increase  its  lifting  power. 
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Apart  from  the  use  of  standardized  fittings  and  parts  and  the 
employment  of  a  great  deal  more  power  in  a  slightly  different 
manner  than  had  characterized  the  earlier  types  of  Zeppelins,  the 
L-49  revealed  nothing  of  unusual  importance  in  airship  design  and 
certainly  none  of  the  world-beating  features  that  German  propa- 
ganda had  been  heralding  for  some  time  previous. 

Destruction  of  Zeppelins.  Mention  has  already  been  made  of 
the  fact  that  practically  the  only  use  made  by  Germany  of  her 
huge  airships  has  been  the  bombardment  of  open  cities,  and  that 
always  at  night.  From  the  first  of  September,  1914,  up  to  the 
end  of  1917,  between  thirty  and  forty  had  met  disaster,  but  only 
two  were  captured  intact.  The  first  of  these  was  discovered  by  a 
Russian  cavalry  patrol  while  at  anchor  and  its  crew  of  thirty  men 
were  made  prisoners.  This  was  at  an  early  period  in  the  war, 
while  the  second  one  to  be  captured  was  the  1^9,  already  referred 
to,  which  formed  one  of  a  squadron  of  five  evidently  sent  out  on 
a  bombing  exjxHlition  against  Ix)ndon.  Owing  to  adverse  winds, 
they  never  reached  their  destination  and  four  of  them  were  known 
to  have  been  put  out  of  action,  all  except  the  1^49  being  destroyed 
in  the  air.  Not  a  few  of  these  big  airships  have  fallen  victims  to 
their  own  weakness  and  succumbed  to  the  elements,  in  one  instance 
a  high  wind  tearing  the  airship  loose  from  its  moorings  while  the 
crew  was  not  aboard.  This  was  at  Kiel,  and  after  traveling  a 
number  of  miles  unguided,  the  big  bag  fell  into  the  North  Sea. 
In  quite  a  number  of  other  cases  head  winds  have  prevented  the 
return  of  the  raiders  to  their  base  and  they  have  either  been 
destroyed  by  their  crews  or  wrecked  at  sea  in  attempting  to  return. 
In  still  other  instances  the  unwieldy  monsters  have  been  wrecked 
by  high  winds  when  attempting  to  land,  as  was  so  frequently  the 
case  prior  to  the  war. 

Aeroplane  and  Anii- Aircraft  Fire  Effective,  Before  the  war 
broke  out  the  ability  of  either  the  aeroplane  or  the  anti-aircraft 
gun  to  overcome  the  Zeppelin  was  purely  theoretical,  but  actual 
experience  has  demonstrated  that  much  of  the  theory  was  well 
founded.  At  least  three  Zeppelins  have  been  destroyed,  by  British 
aviators  in  mid-air,  all  or  most  of  the  crews  being  killed,  while 
probably  an  equal  number  have  been  accounted  for  by  French 
aviators  in  open  battle.    The  war  had  not  been  under  way  a 
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month  before  French  anti-aircraft  gunners  showed  their  skill  by 
bringmg  down  a  "Zep,"  w^hile  only  a  week  later  a  Russian  battery 
accomplished  the  same  feat,  in  this  instance  killing  the  entire  crew. 
In  1916,  British  and  French  gunners  succeeded  in  either  ''winging" 
or  setting  on  fire  three  or  four,  while  two  dropped  into  the  North 
Sea  and  one  was  blown  up  by  its  crew,  having  run  out  of  fuel 
while  raiding  Scotch  towns. 

Bovihing  Raids  against  Zeppelin  Sheds.  Not  the  least  of  the 
disadvantages  from  which  such  huge  and  unwieldy  craft  suffer  is 
the  fact  that  the  correspondingly  large  structures  required  to 
house  them  make  exceedingly  easy  marks  for  the  raiding  aviator. 
Bombing,  however,  is  such  an  uncertain  art  that  even  such  large 
buildings  as  these  cannot  be  struck  from  any  altitude  with  a  fair 
degree  of  accuracy.  Consequently,  in  the  number  of  raids  that 
have  been  carried  out  against  Zeppelin  sheds,  success  has  been  due 
very  largely  to  the  temerity  of  the  aviators,  who  have  descended 
within  a  few  hundred  feet  of  their  mark  despite  the  fire  directed 
at  them  from  all  quarters.  At  least  three  and  probably  more  of 
the  big  airships  have  been  destroyed  in  this  manner  by  British 
aviators,  who  have  made  flights  of  several  hundred  miles  to  reach 
their  destination,  while  the  destruction  of  as  manv  more  has  been 
ascril)ed  by  the  Germans  to  the  ''accidental"  explosion  of  a  bomb 
in  the  shed.  In  view  of  the  great  precautions  taken  against 
jvccident  from  the  explosion  of  the  bombs  carried  by  the  airship 
itself,  it  is  not  considered  at  all  likely  that  there  was  anything 
acci<lental  about  the  wrecking  of  these  craft. 

One  of  the  earliest  attempts  against  Zeppelin  headquarters  at 
Fried richshaf en  on  Lake  Constance,  which  resulted  in  the  destruc- 
tion of  the  I/-31,  is  typical  of  the  plan  followed  in  attacks  of 
this  kind.  Two  British  aviators  flew  from  their  base  in  France, 
about  250  miles  distant,  at  a  high  altitude.  They  became  sepa- 
rated before  reaching  their  destination  owing  to  a  mist.  This, 
however,  prevented  their  discovery  until  they  had  droppe<l  within 
a  few  hundred  feet  of  the  surface  of  the  lake,  which  it  was  neces- 
sary to  do  to  obtain  a  view  of  the  airship  sheds.  The  first  pilot 
dropped  his  cargo  of  bombs  from  a  height  of  only  100  feet  or  so 
over  the  shed  and  w^as  rewarded  by  seeing  it  catch  fire.  He  had 
hardly  straightened  out  on  his  return  course  before  he  heard  the 
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attack  of  his  companion.  The  latter  was  not  so  fortunate  in 
escaping  unscathed,  as  a  bullet  pierced  his  fuel  tank  and  compelled 
him  to  descend.  In  the  majority  of  instances,  however,  the  raiders 
have  succeeded  not  only  in  carrying  out  their  task  but  in  escaping 
undamaged  as  well. 

CAPTIVE  BALLOONS 

Military  Value.  As  an  aid  to  military  operations,  the  use  of 
the  captive  balloon  dates  back  many  years.  It  was  extensively 
employed  in  the  Civil  war  and  more  recently  in  the  Boer  war, 
but  with  the  advent  of  both  the  dirigible  and  the  aeroplane,  it 
was  generally  considered  outside  of  Germany  that  its  reason  for 
existence  had  passed  away.  The  German  military  plans  included 
a  large  number  of  balloons  for  artillery  observation  purposes  and 
they  were  used  right  from  the  start.  It  was  only  when  the  fight- 
ing settled  down  to  trench  warfare,  however,  that  they  came  into 
prominence  and  the  aid  that  they  rendered  the  German  batteries 
put  their  opponents  at  a  serious  disadvantage.  Like  the  bayonet, 
which  was  also  generally  considered  to  have  been  relegated  to 
military  operations  of  the  past,  the  captive  balloon  is  now  playing 
a  very  important  r6le,  particularly  on  the  western  front.  In  favor- 
able weather,  anywhere  from  ten  to  forty  of  these  aerial  observation 
posts  will  be  visible  from  a  single  point  on  the  line. 

Spherical  Type  Defective.  The  captive  balloon  of  the  present 
day,  however,  bears  no  resemblance  to  its  predecessors.  From  a 
sphere,  it  has  been  developed  into  a  form  that  more  nearly  resembles 
the  dirigible  and  at  the  same  time,  it  embodies  some  of  the  features 
of  the  aeroplane.  The  old  spherical  balloon  was  always  at  the  mercy 
of  the  wind,  which  not  only  governed  the  altitude  to  which  the  balloon 
would  rise  but  also  made  things  extremely  uncomfortable  as  well  as 
dangerous  for  the  observers.  With  1,000  feet  of  cable  out,  such  a 
balloon  rises  to  an  equivalent  height  on  a  perfectly  calm  day.  But 
even  a  light  wind  cuts  this  height  down  by  100  or  200  feet,  while 
if  a  strong  wind  is  blowing,  the  balloon  is  held  down  to  within  a 
few  hundred  feet  of  the  ground  regardless  of  the  length  of  cable 
paid  out.  Every  strong  gust  beats  it  over  at  a  perilous  angle  and 
the  resulting  shocks  to  the  basket  are  so  severe  that  its  .occupants 
can  have  little  thought  for  anything  but  their  own  safety.    Strong 
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cross  gusts  set  both  the  bag  and  basket  to  spinning  and  jumping  in 
a  manner  that  would  make  the  results  of  the  severest  storm  at  sea 
seem  mild  by  comparison,  since  the  movements  of  the  basket  are 
executed  with  such  rapidity  that  they  seem  to  be  in  almost  every 
plane  simultaneously.  As  a  result,  the  old  type  of  captive  balloon 
was  available  for  service  only  in  the  calmest  weather. 

Modem  Kite  Balloon.  It  should  not  be  supposed  that  the 
improved  type  of  observation  balloon  now  in  use  in  such  large 
numbers  pro\ddes  any  unusual  amount  of  ease  or  comfort,  since 
it  is  also  prey  to  the  wind  and  does  a  great  deal  of  swinging  about 
iis  well  as  jerking  when  the  wind  is  more  than  15  or  20  miles  an 
hour.  But  it  has  been  improved  to  a  point  where  the  A\ind  not 
only  serN'es  to  elevate,  instead  of  depressing  it,  but  also  to  steady 
it.  The  new  type,  Fig.  25,  is  technically  known  as  a  kite  balloon, 
because,  in  addition  to  the  appendages  attached  to  the  bag  itself  for 
steadying  purposes,  it  is  equipped  with  a  tail  to  assist  in  keeping 
it  heading  into  the  wind.  This  consists  of  a  number  of  bucket- 
shaped  pieces  of  heavy  canvas  attached  to  the  tail  cable  by 
bridles  so  as  to  catch  the  wind  and  hold  it,  thus  placing  a  heavy 
strain  on  the  cable  and  preventing  the  balloon  from  swinging 
violently.  As  is  the  case  wdth  practically  everything  used  at  the 
front,  the  technical  name  of  the  new  type  of  balloon  is  prominent 
by  its  absence.  It  is  a  Drache  (kite)  to  the  Germans  and  a  ''blimp" 
to  Tommy  Atkins.  Both  its  shape  and  attitude  when  aloft  bear  a 
close  resemblance  to  a  huge  sausage,  so  that  the  term  ''sausage"  is 
used  by  all  the  belligerents  in  common  to  a  large  extent.  A  side 
view  of  an  American  type  is  shown  in  Fig.  20. 

It  will  be  noted  from  Figs.  25  and  20  that  the  suspension  of 
the  basket  and  the  appendages  attached  to  the  balloon  at  the  rear 
hold  it  in  a  position  which  is  roughly  the  equivalent  on  a  large  scale 
of  the  curve  of  an  aeroplane  wing.  It  has  both  camber  and  an  angle 
of  incidence,  so  that  the  wind  serves  to  elevate  it  instead  of  beat- 
ing it  down.  This  lifting  effect  is  further  increased  by  tubes  of 
large  diameter,  open  at  the  forward  end  only  and  curving  around 
the  end  of  the  gas  bag  at  the  rear.  (It  is  also  equipped  with  an 
air  balloonet,  the  same  as  a  dirigible.)  The  wind  enters  the  lower 
end  of  this  tubular  member,  which  is  in  a  line  with  the  longitu- 
dinal axis  of  the  balloon,  but  it  must  pass  around  the  curve  at 
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quite  »  tiistanre  below  the  gas  bap  and  has  accommoda- 
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tion  for  two  observers.  Like  scores  of  other  inventions  that  the 
Germans  were  the  first  to  utilize  on  a  large  scale  in  the  present  war, 
the  kite  balloon  was  not  a  German  creation  but  was  originally 
developed  in  France. 

Methods  of  Inflation.  The  average  capacity  of  the  kite 
balloons  used  for  observation  purposes  is  28,000  cubic  feet.  They 
arc  inflated  with  hydrogen  either  from  a  portable  generating  plant 
forming  part  of  the  ecjuipment  of  the  balloon  company  or  from  a 
supply  carried  under  high  pressure  in  heavy  steel  **bottles"  similar 
to  those  used  for  transporting  oxygen  or  carbonic  acid  gas  intended 
for  industrial  use.  Since  the  balloon  companies  are  stationed  about 
4  miles  back  of  the  firing  line,  the  use  of  the  portable  plant  is 
practical,  but  it  has  been  found  more  economical  and  more  con- 
venient to  generate  the  gas  on  a  large  scale  at  sjx*cial  establish- 
ments in  France  and  England  and  send  it  to  the  front  in  containers. 
With  a  portable  plant,  several  hours  are  necessary  to  inflate  the 
gas  bag,  whereas  with  a  large  supply  of  the  gas  at  hand  under 
high  pressure,  the  ojx'ration  may  be  carried  out  in  less  than  an  hour. 

The  balloon  naturally  works  under  the  same  difficulties  as 
all  lighter-than-air  craft,  that  is,  there  is  a  constant  leakage  of 
the  hydrogen  through  the  fabric  in  addition  to  that  lost  by  the 
expansion  of  the  gas  on  warm  days  when  the  summer  sun  beats 
down  directly  on  the  gas  bag.  Where  a  field  generating  plant  is 
employed,  (juick  inflation  of  a  new  balloon  or  replac»ement  of  loss 
is  accompli sIhmI  by  the  used  of  several  "nurses",  Fig.  27.  These  are 
simply  large  gas  bags  which  are  kept  replenished  by  the  gas  plant 
working  constantly,  in  other  words,  they  are  storage  tanks,  and 
when  it  is  necessary  to  inflate  the  balloon  quickly,  their  contents 
are  sim})ly  transfcrrc<l  to  it. 

Balloon  Company.  Though  aeronautical  in  character,  the  kite 
l)alloon  s(T\ice  is  actually  a  branch  of  the  artillery,  to  which  it  is 
<lirc(tly  attached.  A  balloon  company  accordingly  con^sts  of 
twchc  to  twenty  artillery  officers  of  varying  ranks  and  about  120 
to  loO  men.  Of  the  officers,  six  to  eight  are  artiller>^  lieutenants  or 
captains  and  go  aloft  as  observers,  this  number  being  necessary 
because  the  strain  of  watching  constantly  is  very  great  and  the 
obscr\ers  must  be  relieved  at  frequent  intervals,  the  balloon  other- 
wise being  kept  up  continuously,  both  day  and  night.    There  are 
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also  a  iiumhcr  of  sergeants,  each  of  whom  is  in  charge  of  a  differ- 
ent branch  of  the  work,  such  as  the  inflation,  transport,  telephone 
servic^e,  and  winding  machine.  No  less  than  fifteen  3-ton  to  5-ton 
motor  trucks  are  necessary  for  each  balloon  company  besides  two 
or  more  motorcycle  messengers,  the  care  of  the  machines  usually 
being  entrusted  to  the  corporals  of  the  company.  The  remainder 
of  the  company  are  practically  laborers,  w^hose  chief  duties  are  to 
attach  the  ballast  l)ags  to  the  ropes  when  it  is  intended  to  hold 
the  l)alloon  on  the  ground  for  any  length  of  time  and  to  utilize 
their  own  weight  for  the  same  purpose  when  the  balloon  is  about 
to  go  aloft  or  is  only  on  the  ground  temporarily.  In  addition, 
every  company  has  its  surgeon  and  assistants,  quartermaster,  cooks, 
company  clerk,  and  other  attaches  necessary  to  complete  its  organ- 
ization, since  a  balloon  company  serves  as  an  independent  unit. 

Equipment.  The  paraphernalia  required  is  quite  as  elaborate 
as  that  necessary  to  keep  several  aeroplanes  aloft,  though  naturally 
of  a  different  nature.  It  must  all  be  readily  portable,  for  a  balloon 
company  has  to  change  camp  more  or  less  frequently,  or  as  often 
as  the  enemy  artillery  happens  to  discover  its  range.  To  secure 
mobility  is  the  purpose  of  the  great  number  of  motor  trucks 
employed.  One  of  these  is  equipped  with  a  hoisting  winch  and  a 
large  drum  capable  of  holding  3,000  or  4,000  feet  of  about  f-inch 
steel  cable.  The  winch  is  driven  by  the  same  engine  that  propels 
the  truck,  and  in  case  of  emergency  the  engine  may  be  applied  to 
the  two  purposes  alternately  within  a  short  space  of  time.  For 
instance,  in  case  of  attack  either  by  shrapnel  from  an  enemy 
battery  or  by  a  hostile  aviator,  it  may  be  used  to  quickly  haul  in 
or  let  out  cable  to  change  the  altitude  of  the  balloon,  or  it  may  be 
employed  to  drive  the  truck  to  another  and  more  favorable  loca- 
tion with  the  balloon  in  tow. 

Another  truck  houses  a  complete  telephone  exhange,  since  the 
observers  in  the  balloon  may  wish  to  communicate  with  any  one 
of   a    number   of   batteries   which    they   are   serving.    Telephone 

communication  is  established  by  means  of  an  insulated  wire  which 

«  *• 

forms  the  core  ol  the  cable,  while  the  steel  cable  itself  acts  as  the 
return  wire  to  Complete  the  circuit.  In  some  cases,  a  separate 
copper  cable  is  jismployed,  using  the  steel  cable  as  the  return  half 
of  the  circuit.  /  In  addition  there  is  a  truck  for  transporting  the 
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baHoons,  for  the  company  must  always  have  duplicate  equipment 
at  hand  in  case  of  the  destruction  of  the  balloon  it  is  using  or,  as 
more  frequently  happens,  damage  of  a  nature  that  requires  hours  or 
days  to  repair.  In  addition  to  the  balloon  itself,  there  are  covers 
and  the  ground  cloth,  as  in  inflating  a  balloon  no  part  of  its  fabric 
must  be  allowed  to  touch  the  ground  because  of  the  danger  of  stones 
or  sticks  tearing  rents  in  it.  The  balloon  proper  and  its  immediate 
accessories  utilize  at  least  one  and  sometimes  two  motor  trucks. 

To  hold  the  balloon  on  the  ground  when  out  of  service,  there 
are  eighty  sacks  of  sand  weighing  25  pounds  each,  or  an  aggregate 
of  1  ton  of  ballast,  in  addition  to  which  there  are  necessarv  a 
large  number  of  steel  screw  stakes,  spare  ropes  and  parts,  ladders 
and  the  like,  besides  the  basket  and  its  equipment.  The  stakes 
are  employed  to  hold  the  balloon  down  in  a  heavy  wind  by  **i>eg- 
ging"  it  in  the  same  manner  as  a  tent.  Three  or  four  trucks  are 
required  to  carry  the  large  supply  of  hydrogen  necessary,  which 
entails  the  transportation  of  130  to  150  containers.  Each  container 
holds  several  thousand  cubic  feet  of  gas  under  high  pressure,  which 
is  released  through  a  reducing  valve.  Some  of  the  other  transpor- 
tation units  required  are  the  ''cook  wagon,'*  quartermaster's  stores 
truck,  truck  for  carrying  tents,  blankets,  and  other  impediments  for 
the  men,  and  the  ''doctor's  wagon"  (ambulance). 

Advantages  of  Kite  Balloon.  It  became  a  necessity  to  resur- 
rect the  captive  balloon  and  bring  it  up  to  date,  not  simply 
l)ecause  the  Germans  were  employing  it  in  numbers,  but  because 
experience  demonstrated  that  it  possessed  numerous  advantages 
over  the  aeroplane  for*  artillery  observation.  The  observer  in  an 
aeroplane  is  carried  back  and  forth  over  and  around  the  location 
he  wishes  to  watch,  at  high  speed  and  at  a  constantly  varying 
altitude.  He  must  communicate  by  means  of  either  signals  or 
^\^^eless,  and  it  is  not  always  possible  for  him  in  either  case  to 
know  whether  his  signals  have  been  received  and  understood, 
since  it  is  possible  to  transmit  messages  by  wireless  from  an 
aeroplane  but  a  very  difficult  matter  to  receive.  The  observers  in 
a  kite  balloon,  on  the  other  hand,  have  the  advantage  of  being 
able  to  scrutinize  a  certain  sector  constantly  with  the  aid  of  pow- 
erful glasses.  With  a  few  weeks  of  experience  in  observing  a  given 
terrain  they  become  so  familiar  with  it  that  any  changes  or  the 
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movements  of  troops  or  supplies  are  quickly  distinguished.  The 
greatest  advantage,  however,  is  that  the  information  thus  acquired 
may  be  instantly  transmitted  not  merely  to  one  but  to  any  one 
or  all  of  a  group  of  batteries  extending  over  a  mile  or  two  of 
front  in  either  direction,  the  balloons  being  stationed  4  to  6 
miles  apart.  The  observers  are  fitted  with  portable  head  sets  so 
that  they  speak  directly  into  their  telephones  without  the  neces- 
sity of  removing  the  glasses  from  their  eyes,  which  enables 
them  to  watch  the  fall  of  the  shells  and  tell  the  battery  attend- 
ant in  the  dugout  alongside  the  gun  whether  a  shell  fell  "short", 
"over,''  "left,''  or  "right,"  and  the  amount  of  correction  needed 
before  the  smoke  from  the  explosion  has  cleared  away.  With 
the  aid  of  close  corrections  of  this  nature  the  battery  com- 
mander is  in  a  position  to  get  the  range  exactly  without  the 
great  expenditure  of  ammunition  that  firing  entirely  by  map  or 
with  the  assistance  of  aeroplane  observers  entails.  Instances  are 
recorded  in  which  a  9.5-inch  shell  has  been  landed  right  in  a 
concrete  "pill-box"  not  over  15  feet  square  from  a  distance  of 
3  miles  after  six  trial  shots  had  been  fired  to  obtain  the  range. 
Such  a  shot  is  reported  back  to  the  battery  by  the  baUoon 
observer  as  a  "direct  hit,"  and  it  is  only  necessary  to  fire  the  gun 
at  the  same  range  and  direction  to  score  as  often  as  necessary. 
Duties  of  Balloon  Crew.  Each  kite  balloon  carries  aloft  two 
observers,  Fig.  28,  both  of  whom  can  concentrate  their  entire  atten- 
tion on  the  work  of  "spotting,",  since  they  have  nothing  to  do  with 
the  control  of  the  balloon  itself,  except  to  give  orders.  Their  chief 
duties  consist  of  "counter-battery"  observation,  that  is,  spotting 
the  location  of  enemy  batteries,  and  being  constantly  alert  to 
detect  any  suspicious  movements  back  of  the  enemy's  lines,  such 
as  movements  of  troops,  ammunition,  or  supplies.  The  batteries 
controlled  from  observation  balloons  are  the  "heavies,"  which  are 
located  1  mile  or  more  back  of  the  front  line  trenches  and  to  the 
gunners  of  which  the  objects  they  are  firing  at  are  never  visible. 
Some  of  the  heaviest  guns  mounted  on  specially  constructed  rail- 
way trucks  are  often  fired  from  points  5  miles  or  more  back  of 
the  lines.  In  fact,  when  balked  in  their  attempt  to  take  Calais,  the 
Germans  bombarded  the  town  with  the  aid  of  long-range  naval 
guns  from  a  distance  of  over  15  miles  and  every  shot  dropped 
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■.■.:■•  cither  some  part  of  the  <nty  or  its  outskirts.     Buildings,  hills, 
!■   specially    constructed    and    concealed    observation    towers   are  I 
rvquentJy    utilized   in  conjunction  with  captive  balloons  to  sene 
>  uuidliaiTF'  observation  posts,  so  that  the  base  line  connecting  the  ] 
'''•)  may  be  used  to  triangulate  distances  and  thus  calculate  them 
Hire  accurately   than   is  possible   by   direct  observation   from 
uizh  puiiit. 

Risks  Incurred.     Enemy  Fire.     While  the  observers  in  a  kite  I 
idJouri  nre   not  subjected  to  all  the  risks  that  the  aviator  must  ] 


encounter  when  he  goes  aloft  or,  at  least,  not  to  the  same  extent, 
their  lot  is  far  from  being  free  from  danger.  One  of  the  duties 
of  the  reconnoitering  aviator  is  to  destroy  observation  balloons  by 
means  of  incendiary  bombs  equipped  with  fishhooks  which  catch 
in  the  fabric  or  by  the  use  of  his  machine  gnn,  Enemy  batteries  , 
may  also  succeed  in  getting  the  range  of  the  balloon  and  fire  at  it 
with  large  caliber  shrapnel,  which  spreads  its  fragments  over  an  I 
I  lOO  yards  or  more  in  diameter  when  it  bursts.  So  many  of 
I  Gemuui  balloons  were  downed  by  French  and  British  aviators  J 
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in  the  early  part  of  the  war — and  the  Germans  retaliated  in  kind — 
that  a  battle  plane  is  now  always  detailed  to  keep  watch  above  the 
balloon  to  ward  off  attacks  by  aeroplanes. 

Escape  of  Balloon.  In  addition  to  the  risk  of  being  shot  down, 
there  is  the  ever-present  danger  of  the  balloon  being  wrecked  by  a 
sudden  squall  or  of  its  breaking  away  from  its  wdndlass  through  the 
parting  of  the  cable  and  floating  over  the  enemy  lines.  Balloons 
have  been  lost  through  both  causes  in  a  number  of  instances.  Each 
of  the  two  observers  wears  a  heavy  harness  to  which  is  attached  a 
parachute  suspended  by  a  light  cord  from  the  rigging  of  the  balloon, 
so  that  in  case  of  emergency  they  may  save  themselves  by  jumping 
without  having  to  make  any  preparations  for  their  sudden  drop. 

In  case  of  the  breakage  of  the  cable,  which  usually  results 
from  a  strong  wind  coming  up  suddenly  and  putting  a  terrific 
strain  on  the  steel  line  by  jerking  it,  the  observers  are  guided 
in  their  actions  by  the  direction  in  which  the  balloon  moves. 
When  it  is  carrying  them  back  over  their  own  territory,  they  navi- 
gate in  the  same  manner  as  a  free  balloon,  coming  to  the  ground 
as  soon  as  a  favorable  landing  place  can  be  reached.  Instruction  in 
free  ballooning  is  accordingly  an  important  part  of  the  curriculum 
that  the  kite  balloon  observers  must  go  through.  Should  the 
wind  be  in  the  opposite  direction,  however,  as  only  tod  often  proves 
to  be  the  case,  all  instruments,  papers,  and  maps  are  immediately 
thrown  over  the  side  and  the  observers  promptly  follow  suit  in 
their  parachutes,  abandoning  the  balloon  to  its  fate.  As  the 
balloon  travels  with  the  speed  of  the  wind,  once  it  is  released, 
and  the  parachute  of  the  descending  observer  is  carried  in  the  same 
direction,  prompt  action  is  vital  to  prevent  coming  to  the  ground 
in  the  enemy's  territory.  In  a  30-mile  wind,  for  example,  only 
eight  minutes  would  elapse  from  the  moment  that  the  balloon 
broke  away  until  it  traversed  the  4  miles  intervening  betw^een  its 
station  and  the  enemy's  lines.  On  some  occasions,  kite  balloons 
which  were  not  fit  for  further  service  have  been  loaded  with 
explosives  and  released  from  a  height  that  would  cause  them 
to  land  well  within  the  enemy's  territory  with  disastrous  results 
to  the  men  detailed  to  capture  them. 

Marine  Service.  The  kite  balloon  was  first  used  by  the 
British  naval  forces  in  their  operations  against  the  Dardanelles  and  j 
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proved  so  valuable  that  they  have  since  been  employed  in  fleet 
expeditions  in  the  North  Sea.  as  well  as  for  anti-submarine  work. 
In  the  latter  form  of  service,  they  have  the  same  superiority  over 
the  aeroplane  for  observation  that  they  possess  in  land  operations. 
The  ship  naturally  oannot  run  the  risk  of  remaining  stationary, 
but  as  the  sp>eed  of  the  balloon  is  the  same  as  that  of  the  ship 
towing  it,  the  observers  do  not  pass  over  a  given  area  with  any- 
thing like  the  velocity  of  an  aeroplane,  while  their  elevated  posi- 
tion affords  the  same  advantages  for  detecting  the  presence  of  the 
submerged   submarine  or  the  approach  of  enemy  vessels. 


THEORY  OF  AVIATION 

PART  I 
EARLY  DAYS  OF  AVIATION 

As  the  derivation  of  the  word  indicates,  n notion  is  employed 
to  refer  solely  to  the  flying  machine,  or  the  heavier-than-air  type, 
wUle  under  the  general  term  aeronautics  are  included  balloons,  dir- 
ipbks,  and  similar  apparatus,  which  depend  upon  the  use  of  a  lighter- 
than-air  gas  to  give  them  the  necessary  lifting  power. 

Historical.  Cayley.  j\Ian*s  ideas  on  the  subject  of  flight  are 
BO  old  as  to  be  legendary,  but  going  back  to  Icarus  or  before  him, 
would  not  be  of  even  academic  interest  in  tlic  j)rcsent  connection. 
Like  tl^at  of  the  dirigible,  the  actual  history  of  the  aerophine  began 
about  a  centur>'  ago,  and  just  as  Mcusnicr  conceived  the  dirigible 
oomplete,  embodying  in  his  first  designs  all  those  important  ])rin- 
dpks  which  have  since  proved  to  be  indispensable,  so  did  Sir  ( Jcorge 
Ca^^  achieve  a  startling  approach  in  his  pioiuvring  work  to  what 
present-day  success  has  shown  to  Ik*  necessary  for  flight.  In  fact, 
Cayley's  machine  represents  the  true  prototype  of  the  modern  aero- 
plane, combining  featurt»s  of  both  the  Wright  and  Hlcriot  forms  of 
obstruction.  It  had  a  single  long,  narrow  plane  of  the  proportions 
since  demonstrated  to  be  the  most  effective  nnd  was  dcsignctl  to  be 
"diawn"  by  two  screws  run  by  chains  from  a  single  motor,  the  pro- 
pdlers  being  placed  forward  and  (me  on  cither  >uU\  while  .stability. 
devation,  and  steering  were  to  be  obtained  through  tlu*  medium  of  a 

taa. 

More  remarkable  by  far,  however,  was  the  kno^vled^^  of  true 
principles  displayed  by  its  inventor;  the  proper  ealeulation  of  the 
center  of  thrust  and  the  fact  that  disphieement  takes  j)laee  towards 
the  front  being  known  to  Cayley.  A^  in  the  case  of  the  dirigible,  it 
required  almost  a  century  to  *'r(Hliscover"  these  principhs  and  aj)pre- 
dite  their  value  as  Cayley  described  his  machine  in  detail  in  A'/cW- 
9on*9  Journal  in  1S09..  lie  even  dwelt  oji  t}ir  subject  that  \iivs 
"^ince  engrossed    thr  rlf^^nwrs  nnd  inventor^,  .iutomatic    sta\V\\\ty, 
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and  described  a  means  of  obtaining  it.  .Unlike  so  many  early  investi- 
gators, Cayley  did  not  end  with  planning  a  machine  but  actually 
built  it.  This  first  attempt  was  really  the  original  glider,  as  it  had 
no  motor.  The  results  obtained  wnth  it  were  so  promising  that  a 
second  machine  was  constructed  and  equipped  with  a  small  engine 
designed  to  be  run  by  a  tank  of  compressed  air,  and  the  form  given 
the  latter  shows  that  the  importance  of  wind  resistance  was  fully 
appreciated.  Unfortunately,  Cayley's  experiments  terminated  with 
the  smashing  of  his  machine  in  its  trials. 

Ilenson.  That  the  results  of  his  investigations  were  not  entirely 
lost,  however,  is  evident  from  Ilenson's  machine  of  1842,  which  was 
an  even  more  astonishing  anticipation  of  modern  invention.  Henson 
had  not  alone  grasped  the  general  principles  but  had  also  anticipated 
the  actual  construction  of  the  aeroplanes  that  are  performing  such 
wonders  in  the  air  today.  His  machine  was  a  monoplane  and  the 
wings  with  their  ribbing  and  silk  covering,  stayed  above  and  below 
to  central  posts  placed  in  the  main  body,  were  almost  identical  with 
that  of  the  French  monoplane,  the  auxiliary  trussing  at  the  center 
of  the  planes  constituting  an  arrangement  employed  on  the  Antoi- 
nette. In  addition  to  the  main  planes,  there  was  a  hinged  rear  tail, 
and  a  rudder  for  vertical  and  horizontal  control,  and  there  was  like- 
wise a  three-wheel  chassis  on  which  the  machine  was  designed  to  run 
when  on  the  ground.  As  a  parallel  to  the  early  Wright  starting  rail, 
Ilenson  proposed  to  employ  an  inclined  plane,  the  run  down  which 
would  give  the  initial  impulse  necessary  to  launch  the  machine  in 
the  air. 

The  main  planes  measured  30  by  150  feet,  giving  an  area  of 
4,500  square  feet,  designed  to  be  covered  with  silk  or  linen  and  to 
be  perfectly  rigid,  although  an  arrangement  of  cords  was  devised 
for  **reefing''  or  '^setting"  the  coverings  of  the  wings  or  planes,  each 
of  the  latter  being  divided  into  three  independent  sections  for  this 
purpose.  The  tail  was  50  feet  long  and  this,  as  well  as  the  rudder, 
was  controlled  by  cords  from  the  car.  A  small,  vertical  plane  was 
placed  at  the  center  of  the  main  planes  to  check  lateral  oscillation. 
All  of  the  struts  and  braces  w-ere  designed  to  present  the  miniiniiin 
resistance  to  the  air. 

A  light  but  very  strong  car  was  built  directly  under  the  central 
portion  of  the  main  plane  and  housed  the  power  plant  which  eonaisted 
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of  a  two-cylinder,  condensing  steam  engine,  and  water-tube  boiler. 
The  engine  was  capable  of  delivering  about  20  horse-power  and  was 
deigned  to  drive  two  six-bladed  propellers,  20  feet  in  diameter. 
The  condenser  was  practically  the  automobile  radiator  of  many 
years  later,  a  series  of  small,  vertical  tubes  designed  to  be  cooled  by 
the  wr,  so  that  only  20  gallons  of  water  were  necessary-,  and  the  total 
weight  of  the  power  plant,  including  its  water  supply,  did  not  exceed 
600  pounds.  Every  part  of  the  machine  was  built  to  withstand 
stresses  of  a  nature  that  only  an  expert  engineer  could  foresee  would 
be  placed  upon  it.  That  Henson's  machine  would  undoubtedly 
have  met  the  fate  that  rewards  everj'  builder  of  an  ambitious 
structure  who  has  not  the  least  idea  of  how  to  fly  it,  is  a  foregone 
conclusion. 

Miscellaneous,  This  was  probably  responsible  for  the  return 
to  first  principles  that  took  place  about  16  years  later,  when  Le  Bris 
demonstrated  the  first  man-carrying  kite  in  185().  To  obtain  the 
necessary*  lifting  force,  the  kite  was  towed  by  a  wagon.  Wenham, 
in  1S6G,  made  the  first  experiments  in  soaring  or  gliding.  This  was 
with  a  triplane  and  constituted  the  forerunner  of  the  apparatus 
employed  by  Chanute,  Archdeacon,  and  the  Wrights  30  to  35  years 
later.  Several  years  prior  to  Wenham's  experiments,  Xadar,  D'Anie- 
court,  and  De  la  Handclle  carried  out  an  extended  series  of  investi- 
gations, D'Amecourt  building  a  working  model  of  a  steam  helicopter 
— the  first  of  its  kind — in  1802.  Enrico  built  another  steam  heli- 
copter in  1878,  weighing  all  told  6f  pounds,  which  actually  sustained 
itself  in  the  air  for  a  short  time,  while  a  year  later  Penaud  con- 
structed model  aeroplanes  on  the  lines  of  the  present-day  mon()i)lane 
that  actually  soared,  and  Tatin's  compressed-air  machine  suspended 
by  a  cord  from  a  circular  track  showed  its  ability  to  fly  independ- 
ently of  its  support. 

Langley,  AVhat  may  be  regarded  as  the  actual  starting  point  of 
the  investigation  which  ultimately  demonstrated  the  possibility  of 
human  flight  and  the  means  of  its  attainment,  dates  from  about  1888, 
when,  by  one  of  those  curious  coincidences  which  arc  frequently 
observed  in  the  scientific  world,  several  highly-ciualified  men  simul- 
taneously undertook  the  solution  of  the  problem  in  diff'erent  parts 
of  the  world.  They  were  Professor  Langley  in  America,  Maxim  in 
EDgland,  lalienthal  in  Germany,  and  Hargrave  in  Australia.    Pro- 
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fessor  Langley  first  began  his  investigation  of  the  laws  of  aeroplane 
flight  in  1887.  At  that  time,  he  built  the  now  famous  "whirling 
table/'  consisting  of  a  horizontal  rotating  arm  at  the  outer  end  of 
which  were  carried  the  planes  and  propellers  to  be  tested.  By  means 
of  ingenious  autoi^atic  recording  devices,  the  lifting  power  of  dif- 
ferent forms  of  planes,  and  of  the  same  plane  at  different  angles  of 
incidence,  was  ascertained,  and  in  the  same  way  the  thrust  of  various, 
types  of  propellers  was  recorded. 

The  complete  results  of  these  investigations  were  incorporated 
in  a  work  entitled  "Experiments  in  Aerodynamics,"  first  published 
in  1891.  Among  the  important  principles  established  was  that  of 
the  size  of  the  supporting  surface  as  governed  by  its  speed  of  travel. 
That  the  area  of  the  necessary  supporting  surface  in  an  aeroplane 
varies  inversely  as  the  square  of  the  velocity,  which  means  that  if 
a  biplane  requires  500  square  feet  of  supporting  surface  at  40  miles 
an  hour,  it  would  need  only  222  feet  at  60  miles  an  hour,  while  80 
square  feet  would  sufiice  for  a  speed  of  100  miles  an  hour.  Langley 
explained  that  this  was  due  to  the  fact  that  at  the  higher  speeds, 
the  planes  passed  so  rapidly  on  to  new  and  undisturbed  bodies  of 
air,  that  there  was  not  sufiicient  time  for  them  to  overcome  the 
inertia  of  the  air,  an  analogy  to  this  being  found  in  the  skater  on 
thin  ice,  who  does  not  remain  sufficiently  long  at  any  one  point  to 
break  through.  Of  all  the  scientists  who  undertook  the  solution  of 
the  problem,  Langley *s  work  was  undoubtedly  the  most  thorough, 
and  it  is  referred  to  more  at  length  later,  as  most  of  his  important 
results  were  achieved  a  few  years  later. 

Maxim,  Maxim,  in  1894,  undertook  the  construction  of  a 
huge  biplane,  though  it  bore  no  resemblance  to  any  of  the  machines 
of  this  type  of  the  present  day.  Fully  $100,000  was  expended  on 
the  project  and  the  latter  affords  an  excellent  example  of  the  wisdom 
of  the  policy  adopted  by  the  Wright  Brothers  at  the  inception  of 
their  first  serious  work.  They  realized  that  the  most  necessary  thing 
was  to  learn  how  to  fly — in  other  words,  how  to  control  an  aeroplane 
before  attempting  to  build  one.  Maxim  was  also  aware  of  the 
importance  of  this,  as  evidenced  by  the  fact  that  all  his  eariy 
experiments  were  made  with  the  machine  captive.  It  was  fitted 
with  wheels  running  on  wood  rails  and  supplementary  guard  rails 
were  designed  to  prevent  it  from  leaving  the  earth.    The 
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was  so  powerful,  however,  that  it  tore  away  from  the  latter  and  was 
smashed  in  alighting. 

Some  idea  of  the  size  of  the  Maxim  machine  may  be  conceived 
from  its  supporting  area  of  5,400  square  feet,  made  up  of  a  central 
rectangular  plane  directly  over  the  operating  platform;  forward, 
aft,  and  two  side  planes  at  the  same  level;  and  two  side  planes  at 
.the  level  of  the  platform.  This  was  the  original  design,  subsequently 
reduced  to  4,000  square  feet  by  the  elimination  of  the  forward  and 
side  planes,  a  great  reduction  in  area  of  the  central  plane  and  a 
change  in  its  shape  to  a  rectangle  A^nth  its  long  side  forward,  and 
the  addition  of  a  second  smaller  superimposed  plane,  making  it 
practically  a  biplane  \sath  the  machinery  and  operating  platform 
suspended  some  distance  below  it.  The  total  lift  of  the  planes  was 
10,000  pounds. 

The  internal  combustion  motor  not  having  been  developed  at 
that  time,  steam  was  employed  and  the  power  plant  was  of  a  most 
ingenious  order,  replete  with  novel  automatic  devices.  The  boiler 
was  of  the  water-tube  type,  the  light  copper  tubes  being  assembled 
in  the  form  of  a  triangle,  with  a  nest  of  additional  tubes  in  serpentine 
form  in  the  opening  of  the  latter,  giving  a  total  heating  surface  of 
about  tSOO  square  feet,  with  a  "firebox**  surface  of  30  square  feet. 
Its  weight  with  a  feedwater  heater  and  gjisoline  furnace  was  1,200 
[X)unds,  200  pounds  of  this  consisting  of  the  supply  of  water  itself. 
The  gasoline  fuel  w^as  heated  in  a  special  receptacle  and  was  delivered 
through  7,650  fine  jets  at  a  pressure  of  50  ix)uncls  to  the  square  inch. 
A  number  of  ingenious  devices  w-ere  employed  to  regulate  the  supply 
of  fuel  as  well  as  its  pre-heating  before  burning.  The  boiler  was 
designed  to  supply  steam  at  a  pressure  of  )}G0  pounds  to  a  compound, 
condensing  engine  giving  360  horse-power. 

This  power  drove  two  propellers  17  feet  10  inches  in  diameter 
by  10  feet  pitch  at  375  r.p.m.  The  screw  thrust  before  starting 
reached  as  high  as  2,100  pounds,  Mr.  Maxim  having  calculated  that 
of  the  total  power,  150  horse-power  would  l)e  wasted  in  slip,  130 
horse-power  expended  in  actual  lift  on  the  angle  of  the  planes,  and 
80  horse-power  utilized  in  driving.  The  engine  cylinders,  frame,  and 
rods  were  all  of  sheet  steel  so  that  its  total  weight  w-as  only  600 
pounds,  setting  a  new  limit  at  that  time  of  2  pounds  per  horse-power. 
A  safety  device  led  the  high-pressure  steam  into  the  low-pressure 
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cylinders  in  case  the  boiler  pressure  became  too  high,  this  increasing 
the  output  to  400  horse-power.  It  was  truly  a  case  of  Frankenstein 
being  overpowered  by  the  monster  he  himself  had  created,  as  shown 
by  the  subsequent  wrecking  of  the  machine.  The  elements  of  con- 
trol governing  flight  had  not  been  suflSciently  developed  at  this  time 
and  the  tremendous  excess  of  power  provided  by  the  immense  steam 
engine  made  the  machine  extremely  dangerous,  notwithstanding  the 
many  ingenious  safeguards  which  were  devised  by  the  fertile  brains 
of  Mr.  Maxim  and  his  engineer.  Even  today  few  aviators  would 
care  to  attempt  the  handling  of  such  a  huge  contrivance. 

Langley's  Experiments.  Two  years  later,  or  in  1896,  Langley 
made  his  now  historic  experiments  wnth  steam-driven  models,  but 
before  referring  to  these  it  will  be  of  interest  to  note  for  how  much 
of  our  present  knowledge  his  early  investigations  were  responsible. 
To  give  these  at  length  from  his  own  works  would  involve  more 
space  than  is  available,  so  that  the  following  is  excerpted  from  an 
address  made  by  Prof.  Alexander  Graham  Bell,  the  inventor  of  the 
telephone,  on  the  occasion  of  the  presentation  of  the  Langley  medal 
to  the  Wright  Brothers,  February  10,  1910.  The  indebtedhess  of 
the  latter  to  Langley *s  work  is  fittingly  acknowledged  by  them  in 
their  own  story  of  their  experiments. 

Langley's  experiments  in  aerodynamics  gave  to  physicists,  perhaps  for 
the  first  time,  firm  ground  oa  which  to  stand  as  to  the  long-disputed  questions 
of  air  resistance  and  reactions.     Chanute  says: 

(1)  They  established  a  more  reliable  coefficient  for  rectangular  pressures 
than  that  of  Smeaton. 

(2)  They  proved  that  upon  inclined  planes  the  air  pressures  were  really 
normal  to  the  surface. 

(3)  They  disproved  the  Newtonian  law  that  the  normal  pressure  varied 
as  the  square  of  the  angle  of  incidence  on  inclined  planes. 

(4)  They  showed  that  the  empirical  formula  of  Duchemin  which  had 
been  f)ropose(l  in  1830  and  ignored  for  fifty  years,  was  approximately  correct. 

(5)  That  the  position  of  the  center  of  pressure  varied  with  the  angle  of 
inclination,  and  that  on  planes  its  movements  approximately  followed  the  law 
formulated  by  Joessel. 

(6)  That  oblong  planes,  presented  with  their  longest  dimension  in  the 
direction  of  motion,  were  more  effective  for  support  than  when  presented  with 
their  narrower  side. 

(7)  That  planes  might  be  superposed  without  loss  of  supporting  power 
if  spaced  apart  certain  distances  which  varied  with  the  speed. 

(8)  That  thin  planes  consumed  less  power  for  support  at  high  speeds 
than  at  low  speeds. 

7i. 
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ulniical  rraull  obl.nined  by  Langley — that  it  takes  less  power 
le  al  hiit,)i  speed  tlinn  at  low — openn  up  (mormous  possibilil 
e  of  Ihe  future.     It  results,  as  Chanute  has  poinlod  uul,  from 
o  higher  t.hp  fipeed.  the  IrsH  need  be  the  niiKlc  of  irifliiint: 
reighl,  and  the  less,  therefore,  the  horixonlal  romponeiit  of 

r,  howrvor.  only  of  the  plane  itaetf,  and  not  of  the  alrula  atiA' 
tn  imki-  rip  tlip  rsst  of  the  Rj'ing  marhiniv       In  order, 
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Ijikefull  ai)  vantage  of  Langley's  law,  those  porliousof  ihe  maehine 
e  nlone,  without  cotitrihutitig  anything  to  the  support    ' 
:,  should  hf  redtipcd  to  a  intDiinum,  j 

lying  the  fouodalions  nf  a  seienee,  langley  proecoiled  to  reduce   J 
to  prnBtice.     BHwc*ii  1801  nnd  18!)5,  he  built  four  niodels,  i 
rfaonio-acid  gns  nnd  throe  by  Hteum.     On  May  6,  IS'JO,  his  aero-   I 

*  trl*d  on  the  Potomao  Uivernear  Woslijnglon.     I  was  a  wit- 
sxpmnif'nt,  and  secured  iiliotographs  of  the  mxi-hinc  in  the  air, 

n  widely  puhliahpif. 
wirmae  mudcl  had  a  wing  spread  of  from  Iwclve  In  fourteen  feet  aod 
itet4iflt»m eog LIU- unit  WJlhwhiehliipnividelhr-  n''e.-As.xry  pro|K-Uing    I 

~d  VB*  *tint  inln  thi-  air  from  the  nicif  of  u  houijc  bout  anchored  J 


ial^. 
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in  a  quiet  bay  at.  Quantico.  It  made  a  beautiful  flight  of  about  3,000  feet, 
considerably  over  half  a  mile.  It  was  indeed  a  most  inspiring  spectacle  to  see 
a  steam  engine  in  the  air,  flying  like  a  bird.  The  equilibrium  seemed  to  be 
perfect,  though  there  was  no  man  on  board  to  control  and  guide  the  machine. 
I  witnessed  two  flights  of  this  aerodrome  the  same  day  and  came  to  the  conclu- 
sion that  the  possibility  of  flight  by  heavier-than-air  machines  had  been  fully 
demonstrated.  The  world  took  the  same  view  and  the  progress  of  practical 
aerodromics  was  immensely  stimulated  by  the  experiments. 

Langley  afterward  constructed  a  number  of  other  aerodrome  models 
which  were  flown  with  equal  success,  and  he  then  felt  that  he  had  brought  his 
researches  to  a  conclusion  and  desired  to  leave  to  others  the  task  of  bringing 
the  experiments  to  the  man-carrying  stage.  Later,  however,  encouraged  by 
the  appreciation  of  the  War  Department,  which  recognized  in  the  Langley 
aerodrome  a  possible  new  engine  of  war,  and  stimulated  by  an  appropriation 
of  $50,000,  he  constructed  a  full-sized  machine  to  carry  a  man. 

Two  attempts  were  made,  with  Charles  Manleyas  the  aviator,  to  shoot 
the  machine  into  the  air  from  the  top  of  a  house  boat.  Fig.  1,  but  on  each 
occasion  it  caught  on  the  launching  ways  and  was  precipitated  into  the  wat«r. 
The  public,  not  knowing  the  cause,  received  the  impression  that  the  machine 
itself  was  a  failure. 

This  conclasion  was  not  warranted  by  the  facts,  and  to  me,  and  to  others 
who  examined  the  apparatus,  it  seemed  to  be  a  perfectly  good  flying  machine, 
excellently  constructed  and  the  fruit  of  years  of  labor.  It  was  simply  never 
launched  into  the  air,  and  so  has  never  had  an  opportunity  of  showing  what  it 
could  do.* 

Langley's  faith  never  wavered,"  but  he  never  saw  a  man-carrying  aero- 
drome in  the  air.  He  wtus  humiliated  by  the  ridicule  which  met  his  efforts 
and  never  recovered  from  his  disappK)intment,  which  hastened  his  death. 
His  greatest  achievements  in  practical  aerodynamics  consisted  in  the  success- 
ful construction  c)f  powcT-drivoii  modt^ls  which  actually  flew.  With  their  con- 
struction, he  thought  ho  had  fmishod  his  work,  and  in  1901,  in  announcing  the 
supposed  conclasion  of  his  labors,  he  said: 

'*I  have  brought  to  a  close  the  portion  of  the  work  which  seemed  to  be 
specially  mine,  the  demonstration  of  the  practicability  of  mechanical  flight  and 
for  the  next  stage,  which  is  the  practical  and  commercial  development  of  the 
idea,  it  is  probable  the  world  may  look  to  others." 

"^Mr.  Bi-H's  opinion  as  to  the  accuracy  of  the  design  of  the  Langley  machine  and  the 
invcntor'8  confidenco  in  the  fcri«Mitific  principles  upon  which  the  aerodrome  waa  based  were 
strikinKly  confirniod  by  nornc  experiments  conducted  in  the  fall  of  1910;  that  is,  about  two 
yearrt  after  the  Wright  Brothers  hud  startled  the  world  with  their  spectacular  demonstrations. 
Langley's  aerodrome  was  taken  to  Ilammondsport,  N.  Y.,  put  in  shape,  and  equipped  with  a 
Curtiss  motor.  No  part  of  the  original  design  waa  altered,  although  the  machine  was  probably 
strengthened  somewhat.  It  made  several  short  trial  flights,  thus  indicating  that  the  design 
was  correct  in  principle  and  that  the  machine  would  have  flown  as  originally  built  had  Langley 
received  Kuflicient  suppr^rt  to  have  been  able  to  persist  in  his  trials.  The  steam  engine,  with 
which  it  was  originally  er]uippi.'d,  wa.^*.  i>f  course,  its  weakest  feature,  but  the  gasoline  engine 
Had  not  been  developed  at  that  time  The  ill  luck  which  seemed  to  have  pursued  the  machine 
culminated  iluring  the.si^  trial.s  at  llaminond.-«port,  when  during  the  last  trial  flights  the  machine 
accidentally  collided  with  a  tall  stake-  and  wa.i  again  wrecked.  This  accident  probably  dis- 
couraged the  experimenters,  a.s  no  further  trials  were  made.  But  those  which  had  already 
been  carried  out  had  absolutely  demonstrated  the  correctness  of  the  principle*  of  the  flight  as 
laid  down  by  Mr.  Langley. — Ed. 
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^^^     Wright    Brothers'    Experiments.    Orviile   and   Wilbur  Wright 
r  have  been  indisptttably  recorded  In  history  as  the  originators  of  the 
F     firit  snctTSsful  hea\ner-than-air  flying  machine.    At  the  announcement 
111'  their  experiments  the  world,  having  been  fooled  before,  was  rather 
■I'iifTcrent,  but  with  the  many  demonstrations  that  followed,  indiffer- 
riifegnve  place  to  wonder  and  amazement.    So  many  and  varied  stones 
have  appeare<l  of  what  the  Wright  Brothers,  Fig.  2,  have  done  and 
how  they  did  it — many  of  them  liirgely  fiction  and  others  so  garbled 
aa  Un  Ixr  scarcely  recognizable  by  tliose  about  whom  they  were  written 
— that  it  is  thought  ud\isable  to 
reproduce  here  cerbatim  their  own 
account  of  their  exploits,  as  wTit- 
ten  by  them  and  publislied  in  the 
Tcniiirj,  December,  190S.  This  is 
the  only  true  and  concise  report. 
"Our  personal  interest  in  the 
subject  of  aerial  navigation  dates 
from  our  childhood  days.     Late 
ill  the  autumn  of  1S7S.  our  father 
came  into  the  house  one  evening 
with  some  object  partly  concealed 
ill  his  hands,  and  before  we  could 
see  what  it  was,  lie  tossed  it  Into 
the  air.    Instead  of  falling  to  the 
l!oor,aa  we  expected,  it  flew  across 
the  room  until  it  struck  the  ceil- 
ing, where  it  fluttered  awhile,  ajid 
finally  sank  to  the  floor.    It  was  a 
little  toy,  known  to  scientists  as 
a  helicopter,  but  which  we,  with 
"     " ""  ' '"'     '  '"     ""  '  supreme  disregard  for  science,  at 

onee  dubbed  a  'bat,'      It  was  a  light  frame  of  cork  and  bamboo, 
covered  with  paper,  which  formed  two  screws,  driven  in  opposite 

It'ions  by  nibber  bands  under  torsion.    A  toy  so  delicate  lasted 
s  short  time  in  tiie  hands  of  small  boys,  but  its  memory  was 


amg. 
"Several  years  later,  we  began  building  these  helicopters  for 
elves,  maioDg  each  one  larger  than  the  preceding.    But,  to  our 


w 
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astonishment,  we  found  that  the  larger  the  Tjat'  the  less  it  del 
We  did  not  know  that  one  machine  having  only  twice  the  lia 
dimensions  of  another  would  require  eight  times  the  power. 
finally  became  discouraged  and  returned  to  kite-flying,  a  sport  I 
which  we  had  devoted  so  much  attention  that  we  were  regarded  a 
experts.  But  as  we  hccame  older,  we  had  to  give  up  tins  faacina^ 
sport  as  unbecoming  to  boys  of  our  ages. 

"It  was  not  until  the  sad  news  of  the  death  of  Lllienthal  read 
America,  in  1S9G,  that  wc  again  gave  more  than  passing  attend 
to  the  sulijcct  (if  ilyin{;.     \\q  then  stiulied  with  great  interest  ( 


nute's  'Progress    in    Flying  Machines,'  Langley's  'Experiments* 
AerodjTiamics,'  the  Aeronautical  Annuals  of  1895,  1890,  and  181 
and  several  pamphlets  published   by  the  Smithsonian    Institutiot 
especially   articles    by    Lllienthal    and    extracts   from    Mnuillan]9 
Empire  of   the   Air.*     The   larger  works   gave  us  a  good   und* 
standing  of  the  nature  of  the  problem  of  flying,  and  the  difficulti 
in  past   attempts  to  solve  it,  while  !Mouillard  and  Lilienthal, 
great  missionaries  of  the  flying  cause,  infected  us  with  their  own  4 
quenchable  enthusiasm  and  transformed  idle  curiosity  into  t 
zeal  of  workers. 
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*Tn  the  field  of  aviation,  there  were  two  schools.  The  firsty 
esented  by  such  men  as  Professor  Langley  and  Sir  Hiram  Maxim, 
5  chief  attention  to  power  flight;  the  second^  represented  by 
snthal,  Fig.  3,  Mouillard,  and  Chanute,  to  soaring  flight.  Cm* 
ipathies  were  with  the  latter  school,  partly  from  impatience  at 
wasteful  extravagance  of  mounting  deUcate  and  costly  machinery 
wings  which  no  one  knew  how  to  manage,  and  partly,  no  doubt, 
Q  the  extraordinary  charm  and  enthusiasm  with  which  the 
sties  of  soaring  flight  set  forth  the  beauties  of  sailing  through  the 
on  fixed  wings,  deriving  the  motive  power  from  the  wind  itself. ' 

Balancing  Methods.  **The  balancing  of  a  flyer  may  seem,  at 
:  thought,  to  be  a  very  simple  matter,  yet  almost  every  experi- 
iter  had  found  this  to  be  the  one  point  which  he  could  not  master, 
ny  different  methods  were  tried.  Some  experimenters  placed  the 
ter  of  gravity  far  below  the  wings,  in  the  belief  that  the  weight 
lid  naturally  seek  to  remain  at  the  lowest  point.  It  was  true, 
t,  like  the  pendulum,  it  tended  to  seek  the  lowest  point;  but  also, 

the  pendulum,  it  tended  to  oscillate  in  a  manner  destructive 
Jl  stability.  A  more  satisfactory-  system,  especially  for  lateral 
mce,  was  that  of  arranging  the  wings  in  the  shape  of  a  broad  V 
orm  a  dihedral  angle,  with  the  center  low  and  the  wing  tips  ele- 
sd.  In  theor\-,  this  was  an  automatic  system,  but  in  practice  it 
two  serious  defects:  First,  it  tended  to  keep  the  machine  oscillat- 
;  and  second,  its  usefulness  was  restricted  to  calm  air. 

"In  a  slightly  modified  form,  the  same  system  was  applied  to 
fore-and-aft  balance.  The  main  aeroplane  was  set  at  a  positive 
le,  and  a  horizontal  tail  at  a  negative  angle,  while  the  center  of 
vity  was  placed  far  fon\-ard.  As  in  the  case  of  lateral  control, 
re  was  a  tendency  to  constant  undulation,  and  the  very  forces 
ch  caused  a  restoration  of  balance  in  calms,  caused  a  disturb- 
e  of  the  balance  in  winds.  Notwithstanding  the  known  limita- 
is  of  this  principle,  it  had  been  embodied  in  almost  every  promi- 
it  flying  machine  which  had  been  built. 

"After  considering  the  practical  effect  of  the  dihedral  principle 
reached  the  conclusion  that  a  flyer  founded  upon  it  might  be  of 
?rest  from  a  scientific  point  of  view,  but  could  be  of  no  value  in  a 
ctical  way.  We  therefore  resolved  to  try  a  fundamentally  dif- 
ait  principle.    We  would  arrange  the  machine  so  that  it  would 
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tend  to  right  itself.  We  would  make  it  as  inert  as  possible  to  th( 
effects  of  diange  of  direction  or  speed,  and  thus  reduce  the  effec 
of  wind  gusts  to  a  minimum.  We  would  do  tliis  in  the  fore-and 
aft  stability  by  giving  the  aeroplanes  a  peculiar  shape;  and,  in  tb 
lateral  balance,  by  arching  the  surfaces  from  tip  to  tip,  just  the  revers 
of  what  our  predecesHors  had  done.  Then  by  some  suitable  contrii) 
ance  actuated  by  the  operator,  forces  should  be  brought  into  play  t< 
regulate  the  balance, 

iVorking  Its  Planes.     "Lilienthal  and  Chanute  had  guided  on 
balanced  their  niacliines  by  shifting  the  weight  of  the  operator"! 


I 


body.    But  this  method  seemed  to  us  incapable  of  expansion  to  n 
large  conditions,  because  the  weight  to  be  moved  and  the  dista 
of  possible  motion  were  limited,  while  the  disturbing  forces  s 
increased,  both  with  wing  area  and  wind  velocity.    In  (trder  to  n 
the  needs  of  large  machines,  wc  wished  to  employ  some  syst 
whereby  the  operator  could  vary  at  will  the  inclination  of  the  differ 
parts  of  the  wings,  and  thus  obtain  from  the  wind,  forces  to  r 
tAe  balance,  which  the  wind  itself  had  disturbed.    This  could  e 
r  Ae  t/ooe  by  using  wings  capable  of  being  warped,  awi  Xi'^  \ 
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latary  adjustable  surfaces  in  the  shape  of  rudders.  As  the  forces 
obtainable  for  control  would  necessarily  increase  in  the  same  ratio 
as  the  disturbing  forces,  the  method  seemed  capable  of  expansion 
to  an  almost  unlimited  extent.  A  happy  device  was  discovered 
whereby  the  apparently  rigid  system  of  su]terposed  surfaces,  invented 
by  Wenham  and  impro\ed  by  Stringfellow  and  Chanute.  could  be 
II  a  most  unexpected  way,  so  that  the  aeroplanes  could  be 
:ntcd  on  the  right  and  left  sides  at  different  angles  to  the  wind. 
I,  with  an  adjiistahle,  horiKontal  front  rudiler,  formed  the  main 
iture  of  our  first  glider.  Pig.  4, 


:^^. 


PlC.  S.     Hyins  ■  GUrl 


"The  peri<xl  from  im>  to  19(K)  was  one  of  unexampled  activity 
I  aeronautics,  and  for  a  time  there  was  high  hope  that  the  age  of 
EyinR  was  at  hand.  But  Maxim,  after  s|>ending  $100,000.  aban- 
donnl  llie  work ;  the  Ader  machine,  built  at  the  expense  of  the  French 
gnvcmment,  was  a  failure;  Lilienthal  and  Pileher  were  killed  in 
ex|«Tinients ;  and  Chanute  and  many  others,  from  one  cause  or 
another,  had  relaxed  their  efforts,  though  it  subsequently  became 
known  that  Professor  Langley  was  atill  secretly  at  work  on  a  machine 
1  States  government.  The  public,  discouraged  by  the 
E  tmgedies  just  witnessed,  considered  flight  beyond  the 
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rcacli  of  man,  and  classed  its  adherents  witli  the  wouM-be  in> 
of  perpetual  motion. 

"We  began  our  active  experiments  at  the  dose  of  this  perio< 

Uin  October,  1900,  at  Kitty  Hawk,  North  Carolina.    Our  tnachiij 

Iv&i  designed  to  be  flown  as  a  kite,  with  a  man  on  board,  in  wini 

Ffrom  15  to  20  miles  an  hour.    But,  upon  trial,  it  was  found   thai 

much  stronger  winds  were  required  to  lift  it.    Suitable  winds  r 

being  plentiful,  we  found  it  necessarj',  in  order  to  test  the  new  bal 

ancing  system,  to  fly  the  maclune  as  a  kite  without  a  man  aboard 

operating  tlje  levers  through  chonis  from  the  ground,  Fig.  6. 


I 


did  not  give  the  practice  anticipated  but  it  inspired  confidence  i 
the  new  system  of  balance. 

"In  the  summer  of  1901,  we  became  personally  acquainted  \ 
Cliantite.     AVTien   he   learned   that  we  were  interested  in  flying  I 
a  sport,  and   not  with  any  expectation   of   recovering   the  monq 
we  were  expending  upon  it,  he  gave  us  mucli  encouragement, 
our  in\-itatiim,  he  spent  several  weeks  with  us  at  our  camp  at  I 
Devil  Hill,  four  miles  south  of  Kitty  Flawk,  during  our  expi 
of  thiit  find  two  succeeding  years.     He  also  witnessed  one  flight  ( 
the  power-driven  machine  near  I)a.\tim,  Ohio,  in  October,  1004. 

'■The  machine  of  UMIl  was  built  with  the  shape  of  surface  t 
by  Lilienthal,  cur\'efl  from  front  to  rear  like  tlic  segment  of  a.  paraboti 
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Lth  a  curvature  of  one-twelfth  the  depth  of  its  chord;  to  make 
ire  that  it  would  have  sufficient  lifting  capacity  when  flown  as  a 
ite  in  15-  or  20-mile  winds,  we  increased  the  area  from  I  Go  square 
jet,  used  in  1900,  to  308  square  feet — a  size  much  larger  than  Lilien- 
Qal,  Pilcher,  or  Chanute  had  deemed  safe.  riK)n  trial,  however, 
he  lifting  capacity  again  fell  very  far  short  of  calculation,  so  that 
lie  idea  of  securing  practice  while  flying  as  a  kite,  had  to  be  aban- 
cmed.  Chanute,  who  witnessed  the  experiments,  told  us  that 
he  trouble  was  not  due  to  poor  construction  of  the  machine.    We 


Fig.  7.     Glider  with  Vertical  Rear  Hudil'T 


aw  only  one  other  explanation — that  the  tahk's  of  jiir  pressures  in 
:eneral  use  were  incorrect. 

(Hiding  Experiments.  '*We  then  turned  to  glidhi^ — coasting 
lown  hill  on  the  air — as  the  only  method  of  getting  tlie  desired 
)ractice  in  balancing  a  machine,  Fig.  G.  After  a  few  minutes 
)ractice  we  were  able  to  make  glides  of  over  oOO  feet,  and  in  a  few 
lays  were  safely  operating  in  27-mile  winds.  The  gliding  flights 
vere  all  made  against  the  wind.  The  difficulty  in  high  winds  is  in 
naintaining  balance,  not  in  traveling  against  the  wind.  In  these 
xperiments  we  met  with  several  unexpected  phenomena.  We  found 
hat,  contrary  to  the  teachings  of  the  hooks,  tlie  center  of  pressure 
n  a  curved  surface  traveled  backward  when  the  surface  was  inclined, 
t  small  angles,  more  and  more  edgewise  to  the  wind.  We  also  dis- 
overed  that  in  free  flight,  when  the  wing  on  one  side  of  the  machine 
ras  presented  to  the  wind  at  a  greater  angle  than  the  one  on  the 
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other  side,  the  wing  with  the  greater  angle  descended,  and  the 
machine  turned  in  a  direction  just  the  reverse  of  what  we  were  led 
to  expect  when  flying  the  machine  as  a  kite.  The  larger  angle  gave 
more  resistance  to  forward  motion,  and  reduced  the  speed  of  the  wing 
on  that  side.  The  decrease  in  speed  more  than  counterbalanced  the 
effect  of  the  larger  angle.  The  addition  of  a  fixed  vertical  vane.  Fig. 
7,  in  the  rear  increased  the  trouble  and  made  the  machine  absolutely 
dangerous.  It  was  some  time  before  a  remedy  was  discovered.  This 
consisted  of  movable  wings  working  in  conjunction  with  the  twisting 
of  the  wings.  The  details  of  this  arrangement  are  given  in  our  patent 
specifications,  published  several  years  ago. 

Verification  of  Pressure  Constants,  "The  experiments  of  1901 
were  far  from  encouraging.  Although  Chanute  assured  us  that 
both  in  control  and  weight  carried  per  horse-power,  the  results 
obtained  were  better  than  those  of  any  of  our  predecessors,  yet  we 
saw  that  the  calculations  on  which  all  fl^dng  machines  had  been  based 
were  unreliable,  and  that  every  experimenter  was  simply  groping 
in  the  dark.  Having  set  out  with  absolute  faith  in  the  existing 
scientific  data,  we  were  driven  to  doubt  one  thing  after  another, 
till  finally,  after  two  years  of  experiment,  we  cast  it  all  aside  and 
decided  to  rely  entirely  upon  our  own  investigations.  Truth  and 
error  were  everywhere  so  intimately  mixed  as  to  be  indistinguish- 
able. Nevertheless,  the  time  expended  in  the  preliminary  study  of 
books  was  not  misspent,  for  they  gave  us  a  good  general  under- 
standing of  the  subject  and  enabled  us  at  the  outset  to  avoid  effort 
in  many  directions  which  could  not  possibly  have  brought  any 
profitable  results. 

*The  standard  for  measurements  of  wind  pressures  is  the  force 
produced  by  a  current  of  air  of  1-mile-per-hour  velocity  striking 
against  a  plane  of  1  square  foot  area.  The  practical  difliculty  of 
obtaining  an  exact  measurement  of  this  force  has  been  great.  The 
measurements  by  different  recognized  authorities  vary  50  per  cent. 
When  this  simplest  of  measurements  presents  so  great  difficulties, 
what  shall  be  said  of  the  troubles  encountered  by  those  who  attempt 
to  find  the  pressure  at  each  angle  as  the  plane  is  inclined  more  and 
more  edgewise  to  the  wind?  In  the  eighteenth  century,  the  French 
Academy  prepared  tables  giving  such  information,  and  at  a  later  date 
the  Aeronautical  Society  of  Great  Britain  made  similar  experimenta. 
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Many  p>ersons  likewise  published  measurements  and  formulas;  but 
the  results  were  so  discordant  that  Professor  Langley  undertook  a 
new  series  of  measurements,  the  results  of  which  form  the  basis  of  his 
celebrated  work  'Experiments  in  Aerodynamics.'  Yet  a  critical 
examination  of  the  data  upon  which  he  based  his  conclusions  as  to 
pressures  at  small  angles  shows  results  so  various  as  to  make  many 
of  his  conclusions  little  better  than  guesswork. 

**To  work  intelligently,  one  needs  to  know  the  eflFects  of  a  mul- 
titude of  variations  that  could  be  inc^orporatea  in  the  surfaces  of 
fl.nng  machines.  The  pressures  on  squares  are  diflFerent  from  those 
on  rectangles,  circles,  triangles,  or  ellipses;  arched  surfaces  differ 
from  planes,  and  vary  among  themselves  according  to  the  depth  of 
curvature;  true  arcs  differ  from  parabolas,  and  the  latter  differ 
among  themselves;  thick  surfaces  differ  from  thin,  and  surfaces 
thicker  in  one  place  than  another  vary  in  pressure  when  the  positions 
of  maximum  thickness  are  different;  some  surfaces  are  most  efficient 
at  one  angle,  others  at  other  angles.  The  shape  of  the  edge  also 
makes  a  difference,  so  that  thousands  of  combinations  are  possible 
in  so  simple  a  thing  as  a  wing. 

**We  had  taken  up  aeronautics  merely  as  a  sport.  We  reluc- 
tantly entered  on  the  scientific  side  of  it.  But  we  soon  found  the 
work  so  fascinating  that  we  were  drawn  into  it  deeper  and  deeper. 
Two  testing  machines  were  built,  which  we  believed  would  avoid 
the  errors  to  which  the  measurements  of  others  had  been  subject. 
After  making  preliminary  measurements  on  a  great  number  of  sur- 
faces to  secure  a  general  understanding  of  the  subject,  we  began 
systematic  measurements  of  standard  surfaces  so  varied  in  design 
as  to  bring  out  the  underlying  causes  of  differences  noted  in  their 
pressures.  Measurements  were  tabulated  on  nearly  fifty  of  these 
at  all  angles  from  zero  to  45  degrees,  at  intervals  of  2|  degrees. 
Measurements  were  also  secured  showing  the  effects  on  each  other 
when  surfaces  are  superposed,  or  when  they  follow  one  another. 

"Some  strange  results  were  obtained.  One  surface,  with  a  heavy 
roll  at  the  front  edge,  showed  the  same  lift  for  al.  angles  from  7^  to 
4o  degrees.  A  square  plane,  contrary  to  the  measurements  of  all 
our  predecessors,  gave  a  greater  pressure  at  30  degrees  than  at  45 
degrees.  This  seemed  so  anomalous  that  we  were  almost  ready  to 
doubt  our  own  measurements  when  a  simple  test  was  suggested.    A 
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weather  vane  with  two  planes  attached  to  the  pointer  at  an  angle  of 
80  degrees  with  each  other  was  made.  According  to  our  tables,  such 
a  vane  would  be  in  unstable  equilibrium  when  pointing  directly  into 
the  wind;  for  if,  by  chance,  the  wind  should  happen  to  strike  one 
plane  at  39  degrees  and  the  other  at  41  degrees,  the  plane  nith 
the  smaller  angle  would  have  the  greater  pressure,  and  the  pointer 
would  be  turned  still  further  out  of  the  course  of  the  wind  until 
the  two  vanea  again  secured  equal  pressures,  which  would  he 
approximately  at  30  and  50  degrees.  But  the  vane  performed  in 
this  very  manner.  Further  corroboration  of  the  tables  was  ob- 
tained in  the  experiments  with  a  new  glider  at  Kill  De\-il  Hill  the 
next  season. 

"In  September  and  Octo- 
ber, 1902,  nearly  1,000  glid- 
ing flights  were  made,  se\eral 
of  which  covered  distances  of 
over  600  feet  (all  made  with 
the  operator  Ijing  prone  as 
shown  in  Fig.  8).  Some  glides 
against  a  wind  of  30  miles  an 
hour  gave  proof  of  the  effec- 
tiveness of  the  devices  for 
control.  With  this  machine, 
in  the  autumn  of  1903,  we 
made  a  number  of  flights  in 
which  we  remained  in  the 
air  for  over  a  minute,  often  soaring  for  a  considerable  time  in 
one  spot  without  any  descent  at  all.  Little  wonder  that  our  un- 
scientific assistant  should  think  the  only  thing  needed  to  keep 
it  in  the  air  indefinitel^-  would  be  a  coat  of  feathers  to  make  it 
light! 

"With  accurate  data  for  making  calculations,  and  a  system  of 
balance  effective  in  winds  as  well  as  in  calms,  we  were  now  in  a  por- 
tion, we  thought,  to  build  a  successful  power  flyer.  The  first  designs 
provided  for  a  total  weight  of  600  pounds,  including  the  operator 
and  an  8-horse-powcr  motor.  But  upon  completion,  the  motor  gave 
more  power  than  had  been  estimated,  and  this  allowed  150  pounds 
for  strengthening  the  wings  and  other  parts. 
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Propeller  Design.  ''Our  tables  made  the  designing  of  the  wings 
an  easy  matter;  and  as  screw  propellers  are  merely  wings  traveling 
in  a  spiral  course,  we  anticipated  no  trouble  from  this  source.  We 
had  thought  of  getting  the  theory  of  the  screw  propeller  from  the 
marine  engineers,  and  then,  by  applying  our  tables  of  air  pressures 
to  their  formulas,  of  designing  air  propellers.  But  so  far  as  we 
could  learn,  the  marine  engineers  possessed  only  empirical  formulas, 
and  the  exact  action  of  the  screw  propeller,  after  a  century  of  use, 
was  still  very  obscure.  As  we  were  not  in  a  position  to  undertake  a 
long  series  of  practical  experiments  to  discover  a  propeller  suitable 
for  our  machine,  it  seemed  necessary  to  obtain  such  a  thorough  under- 
standing of  the  theory  of  its  reactions  as  would  enable  us  to  design 
them  from  calculation  alone.  What  at  first  seemed  a  simple  problem, 
became  more  complex  the  longer  we  studied  it.  With  the  machine 
moving  forward,  the  air  flying  backward,  the  propellers  turning  side- 
wise,  and  nothing  standing  still,  it  seemed  impossible  to  find  a  starting 
point  from  which  to  trace  the  various  simultaneous  reactions.  Con- 
templation of  it  was  confusing.  After  long  arguments,  we  often 
found  ourselves  in  the  ludicrous  position  of  each  having  been  con- 
verted to  the  other's  side,  with  no  mor6  agreement  than  when  the 
discussion  began. 

"It  was  not  until  several  months  had  passed,  and  every  phase 
of  the  problem  had  been  threshed  over  and  over,  that  the  various 
reactions  began  to  untangle  themselves.  WTien  once  a  clear  under- 
standing had  been  obtained  there  was  no  difficulty  in  designing  suit- 
able propellers,  with  proper  diameter,  pitch,  and  area  of  blade,  to 
meet  the  requirements  of  the  flyer.  High  efficiency  in  a  propeller 
is  not  dependent  upon  any  particular  or  peculiar  shape,  and  there  is 
no  such  thing  as  a  best  screw.  A  propeller  giving  a  high  dynamic 
efficiency  when  used  upon  one  machine,  may  be  almost  worthless 
when  used  upon  another.  The  propeller  should  in  every  case  be 
designed  to  meet  the  particular  conditions  of  the  machine  to  which 
it  is  to  be  applied.  Our  first  propellers,  built  entirely  from  calcula- 
tion, gave  in  useful  work  66  per  cent  of  the  power  expended.  This  was 
about  one-third  more  than  had  been  secured  by  Maxim  or  Langley. 

First  Power  Flight.  "The  first  flights  with  the  power  machine 
were  made  on  the  17th  of  December,  1903.  Only  five  persons  beside 
ourselves  were  present.   These  were  Messrs.  John  T.  Daniels,  W.  S. 
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Dough,  and  A.  D.  litheridgo  of  the  Kill  Uevil  ii/e  sa\-ing  station; 
W.  C,  Brinkley  of  Mantt'o;  Hnd  John  Wanl  of  Naghc-^1.    Altliougi 
a  general  invitation  had  been  extended  to  the  people  living  \ 
5  or  0  miles,  not  manj'  were  willing  to  face  the  rigors  of  a  cold  Decen 
ber  ivind  in  order  to  see,  as  they  no  doubt  thought,  another  flyir 
machine  not  fly.    The  first  flight  lasted  only  l:i  seconds,  a  flight  v 
modest  compared  with  that  of  birds,  but  it  was,  nevertheless. 


first  in  the  history  of  the  world  in  which  a  inaehine  carr>-ing  a  c 
had  raised  itself  by  its  own  power  into  the  air  in  free  flight,  I 
sailed  forward  on  a  level  course  without  reduction  in  speed,  and  I 
finally  landed  without  being  wreckeil.    The  second  and  third  fligbti 
were  a  little  longer,  and  the  fonrtk  lasted  59  seconds,  covering  J 
distance  of  851!  feet  over  the  ground  against  a  20-mile  wind,  Fig.X 

"After  the  last  flight,  the  machine  wns  carrie«l  back  to  « 
and  set  down  in  what  was  thought  to  Ik-  a  safe  plat 
minutes  later,  while  we  were  engaged  in  eouver»ationfl 
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flights,  a  sudden  gust  of  wind  struck  the  machine  and  started  to  turn 
it  over.  All  made  a  rush  to  stop  it  but  we  were  too  late.  Daniels, 
a  pant  in  stature  and  strength,  was  lifted  off  his  feet  and,  falling 
inside  between  the  surfaces,  was  shaken  about  like  a  rattle  in  a  box 
while  the  machine  rolled  over  and  over.  He  finally  fell  out  upon  the 
sand  with  nothing  worse  than  painful  bruises,  but  the  damage  to  the 
machine  caused  a  discontinuancce  of  the  experiments. 

**In  the  spring  of  1904,  through  the  kindness  of  Torrence 
Huffman  of  Dayton,  Ohio,  we  were  permitted  to  erect  a  shed  and 
continue  experiments,  on  what  is  known  as  the  Huffman  prairie,  at 
Simms  Station,  eight  miles  from  Dayton.  The  new  machine  was 
heavier  and  stronger  but  similar  to  the  one  flown  at  Kill  Devil  Hill. 
When  it  was  ready  for  its  first  trial,  every  newspaper  in  Dayton  was 
notified,  and  about  a  dozen  representatives  of  the  press  were  present. 
Our  only  request  was  that  no  pictures  be  taken  and  that  the  reports 
be  unsensational,  so  as  not  to  attract  crowds  to  our  experiment 
grounds.  There  were  probably  40  persons  altogether  on  the  ground. 
WTien  preparations  were  completed,  a  wind  of  only  3  or  4  miles  an 
hour  was  blowing:— insufficient  for  starting  on  so  short  a  track — 
but  since  so  many  had  come  a  long  way  to  see  the  machine  in  action, 
an  attempt  was  made.  To  add  to  the  other  difficulty,  the  engine 
refused  to  work  properly.  The  machine,  after  running  the  length 
of  the  track,  slid  off  without  rising^  into  the  air  at  all.  Several  of  the 
newspaper  men  returned  the  next  day  but  were  again  disappointed. 
The  engine  again  performed  badly  and  after  a  glide  of  only  60  feet, 
the  machine  came  to  the  ground.  Further  trial  was  postponed  until 
the  engine  could  be  put  in  better  condition.  The  reporters  had  now, 
no  doubt,  lost  confidence  in  the  machine,  though  their  reports,  in 
kindness,  concealed  it.  Later,  when  they  heard  that  we  were  making 
flights  of  several  minutes*  duration,  knowing  that  longer  flights  had 
been  made  in  airships,  and  not  knowing  any  essential  difference 
between  airships  and  flying  machines,  they  were  but  little  interested. 
"We  had  not  been  flying  long  in  1904  before  we  found  that  the 
problem  of  equilibrium  had  not  as  yet  been  entirely  solved.  Some- 
times, in  making  a  circle,  the  machine  would  turn  over  edgewise 
in  spite  of  anything  the  operator  could  do,  although,  under  the  same 
oonditlons  in  ordinary  straight  flight,  it  could  have  been  righted  in 
«»*•»*•    ^n  one  flight,  in  1905,  while  circling  around  a  honey 
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locust  tree  at  a  height  of  about  50  feet,  the  macUiae  suddenly 
began  to  turn  up  on  one  wing  and  took  a  course  toward  the  Im. 
The  operator,  not  relishing  the  idea  of  landing  in  a  thorn  tree, 
attempted  to  reach  the  ground,  The  left  wing,  however,  struck 
the  tree  at  a  height  of  10  or  12  feet  from  the  ground  and  carrii^! 
away  several  branches;  but  the  flight,  which  had  already  covered  u 
distance  of  6  miles,  was  continued  to  the  starting  point.     . 

"The  causes  of  these  troubles,  too  technical  for  explanation  hct 
were  not  entirely  overcome  till  the  end  of  September.  1905, 

I  in  length,  till  experiments  were  ti 


continued,  after  the  5th  of  October,  on  account  of  the  number  c 
people  attracted  to  the  field.  .Although  mode  on  a  ground  open  d 
every  side,  and  bordered  on  two  sides  by  much  traveled  thorouf 
fares,  with  electric  cars  passing  every  hour,  and  seen  by  all  I 
living  in  the  neighborhood  for  miles  around,  and  by  tieveral  hui 
others,  yet  these  flights  have  been  made  by  some  newspapers  t 
subject  of  a  great  'mystery.' 

"A  practical  design  having  been  finally  realize*!,  we  spent  I 
years  lOOli  and  1907  in  constructing  new  machines  and  itl  busin 
negotiations.  It  was  not  until  May  of  this  year  (190S)  that  exj 
meats  (discontinued  in  October,  1905)  were  resumed  at  Kill  1 
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S^^rth  Carolina.  The  recent  flights  were  made  to  test  the  ability 
o(  uur  machine  to  meet  the  requirements  of  a  contract  with  the 
Vnited  States  go^-erIlment  to  fumisli  a  flyer  capable  of  carrying  two 
men  and  sufficient  fuel  and  supplies  for  a  flight  of  125  miles,  with  a 
spwd  of  40  miles  an  hour.  The  machine  used  in  these  tests  was  the 
umeune  wilU  which  the  flights  were  made  at  Simms  Station  in  1905, 
though  several  changes  had  been  made  to  meet  present  requirements. 
Tlif  qMTator  assumed  a  sitting  position,  instead  of  lying  prone  as  in 
191).),  and  a  seat  was  added  for  a  passenger.     A  larger  motor  was 


^^H  Fi«.  II       SlarUDK  Device  L'»d  villi  Ihe  Eirly  Wnetal  Muctamra 

^^Bcd,  and  radiators  and  gasoline  reservoirs  of  larger  capacity 

^^TOced  those  previously  used.    No  attempt  was  made  to  make  high 

l"iig  flight:!. 

Management  of  an  Aeroplane.     "In  order  to  show  the  general 

reader  the  way  in  which  tlie  macliine  operates,  let  us  fancy  ourselves 

ready  for  the  start.  Fig.  10.    The  machine  is  placed  upon  a  single 

rail  track  facing  the  wuid  and  is  securely  fastened  with  a  cable, 

Fig.  II .     The  engine  is  started  and  its  motion  is  transmitted  through 

a  chain  drive  to  the  proiwllers  at  the  rear.     You  take  your  seat  at 

B renter  of  ilic  machine  beside  the  operator.  When  all  is  ready  the 
rn'  'ill- and  the  machine  shoots  forward.  An  assistant 
ft ai 4 
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who  has  been  holding  the  machine  in  balance  on  the  rail,  starts 
forward  with  you  but  before  you  have  gone  50  feet  the  speed  is  too 
great  for  him,  and  he  lets  go.  Before  reaching  the  end  of  the 
tracks  the  operator  moves  the  front  rudder  and  the  machine  Ufts 
from  the  rail  like  a  kite  supported  by  the  pressure  of  the  air  under- 
neath it.  The  ground  under  you  at  first  is  a  perfect  blur,  but  as 
you  rise  objects  become  clearer.  At  a  height  of  100  feet  you  feel 
hardly  any  motion  at  all;  except  for  the  wind  which  strikes  your 
face.  If  you  did  not  take  the  precaution  to  fasten  your  hat, 
you  have  probably  lost  it  by  this  time.  The  operator  moves  a 
lever;  the  right  wing  rises  and  the  machine  swings  about  to  the 
left.  You  make  a  very  short  turn,  yet  do  not  feel  the  sensation  of 
being  thrown  from  your  seat,  so  often  experienced  in  automobile 
and  railway  travel.  You  find  yourself  facing  toward  the  point 
from  which  you  started.  The  objects  on  the  ground  now  seem 
to  be  moving  at  a  much  greater  speed,  though  you  perceive  no 
change  in  the  pressure  of  the  wind  on  your  face.  You  know  then 
that  you  are  traveling  with  the  wind.  When  you  ne^r  the  starting 
point,  the  operator  stops  the  motor  while  still  high  in  the  air. 
The  machine  coasts  down  at  an  oblique  angle  to  the  ground  and, 
after  sliding  50  to  100  feet,  comes  to  rest.  Although  the  machine 
often  lands  when  traveling  at  a  speed  of  a  mile  a  minute  you  feel 
no  shock  whatever  and  cannot,  in  fact,  tell  the  exact  moment  at 
which  it  first  touched  the  ground.  The  motor  beside  you  kept  up 
an  almost  deafening  roar  during  the  whole  flight,  yet  in  your 
excitement  you  did  not  notice  it  until  it  stopped." 

Tests  of  lfX)8,  On  September  9,  Orville  Wright  made  a  contin- 
uous flight  of  36  miles,  staying  in  the  air  57  minutes  and  31  seconds. 
That  evening  he  made  another  flight  of  38^  miles  in  1  hour,  2  min- 
utes, and  15  seconds.  This  flight  not  only  broke  all  records  but  was 
over  twice  as  long  as  any  previously  made.  He  then  took  Lieutenant 
Lahm  of  the  United  States  Army  as  a  passenger  for  a  short  trip. 

Three  days  later  he  stayed  in  the  air  1  hour  and  14  minutes, 
making  about  29  miles  per  hour.  No  attempts  at  great  altitudes 
were  made,  250  feet  being  about  the  greatest  height  attained. 

Wilbur  Wright  in  Europe.  In  France.  Meantime,  Wilbur 
Wright,  in  France,  w^as  preparing  to  give  demonstrations  of  his 
machine  with  a  view  to  selling  his  French  patents.    At  first  he  Wis 
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not  regarded  very  seriously  in  that  country,  and  the  French  comic 
papers  hailed  him  as  "fe  Bluff eur."  They  quickly  acknowledged 
their  mistake  when,  on  September  21,  he  made  a  continuous  flight 
ot  over  an  hour  and  a  half  at  Le  Mans. 

World's  Record  Broken.  On  the  last  day  of  December,  1908, 
Wilbur  Wright  won  the  Michelin  prize  and  $4,000  in  cash  and 
made  a  new  world's  flying  record  of  2  hours,  18  minutes,  and  33 
seconds;  official  distance  covered,  77  miles  and  760  yards;  actual 
distance,  making  allowance  for  the  distance  lost  in  turns,  about  95 
miles — ^the  longest  flight  ever  made  by  a  heavier-than-air  machine. 
Because  of  his  success  in  France,  Wilbur  Wright  sold  his  French 
patents  to  the  Astra  Company. 

United  States  Qovernment  Requirements  Fulfilled.  In  the 
latter  part  of  June,  1909,  Orv'ille  Wright,  assisted  by  his  brother, 
again  attempted,  at  Fort  Meyer,  Virginia,  to  fulfill  the  conditions 
imposed  by  the  United  States  War  Department.  A  new  motor 
was  used  and  his  early  attempts  were  unsuccessful,  because  the 
engine  had  not  been  thoroughly  tested. 

In  later  attempts  the  machine  failed  to  rise  properly,  and  the 
inventors  turned  their  attention  to  the  starting  power.  They  added 
about  sixty  pounds  to  the  weight  which  gives  the  initial  momentum, 
dug  a  deep  pit  to  give  the  weight  a  longer  fall,  and  lengthened 
the  starting  rail  by  about  12  feet.  This  seemed  to  remedy  the 
trouble.  On  July  20,  a  new  American  record  was  established, 
Orville  Wright  remaining  in  the  air  over  1  hour  and  20  minutes. 

The  first  part  of  the  government  requirements  were  met  a 
week  later,  when  Orville  Wright  made  a  flight  of  nearly  an  hour 
and  a  quarter — carrying  a  passenger — at  a  speed  averaging  al)out 
40  miles  per  hour.  Incidentally,  this  broke  his  brother's  best 
record  for  a  flight  with  a  passenger  made  in  France  the  year  before. 

On  July  30,  Orville  WVight  met  the  last  test  of  his  aeroplane 
at  Fort  Meyer,  and  for  the  first  time  in  its  history  the  government 
became  the  possessor  of  a  flying  machine.  On  a  straightaway  course 
of  5  miles  out  and  return,  with  a  passenger,  Lieut.  Benjamin  D. 
Foulois,  W^right  maintained  a  speed  of  something  over  42  miles  an 
hour  and  won  for  himself  and  brother,  in  addition  to  the  $25,000 
contract  price  of  the  machine,  a  bonus  of  more  than  $5,000.  The 
elapsed  time  of  the  flight  was  14  minutes  and  42  seconds. 
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Fig.  12.     Behavior  of  Stationary  Plane  in  Air 
Current  Acpording  to  Newton 


ELEMENTARY  AERODYNAMICS 
Air  Resistance.    While  an  extended  study  of  the  theoretical 
side  of  flight  would  involve  going  deeply  into  mathematics  and 
would  in  itself  require  a  volume  for  its  exposition,  it  is  essential  for 

^        ^         ^ the  student  to  know  at  least 

the  principles  upon  which 
flight  is  based;  especially  as 
applied  to  the  design  of  suc- 
cessful aeroplanes.  The  most 
important  single  factor  is  the 
resistance  of  the  air,  and  a 
knowledge  of  its  bearing  upon 
aviation,  particularly  in  the 
consideration  of  the  pressure 
on  the  surface  of  an  aeroplane,  is  fundamental.  Although  it  has 
been  the  subject  of  study  for  centuries,  it  has  been  only  within  com- 
paratively recent  times  that  either  the  true  nature  of  the  atmosphere 
or  reliable  data  concerning  its  action  has  been  formulated.     For 

instance,  Sir  Isaac  Ne\\i:on, 


in  his  *Trincipia,"  defines 
air  as  an  "elastic  noncon- 
tinued,  rare  medium  con- 
sisting of  equal  particles 
freely  disposed  at  equal  dis- 
tances from  each  other." 
In  accordance  with  this,  if 
AB,  Fig.  12,  is  a  section  of 
a  surface  against  which  a 


Fig.  13. 


Correct  Idea  of  .Vir  Currents  Set  l*p 
by  a  Plane 


stream  of  air  is  blowing,  all  the  particles  of  air  strike  directly 
against  the  surface,  as  indicated  by  the  arrows.  In  contrast  with 
this,  Newton  defined  water,  oil,  etc.,  as  "continued  mediums," 
in  which  all  the  particles  generating  the  resistance  do  not  come 
in  immediate  contact  with  the  surface.  The  latter  is  pressed 
upon  only  by  the  particles  that  lie  next  to  it;  these  in  turn  being 
pressed  by  those  beyond,  and  so  on.  The  character  of  this  fluid 
pressure  is  shown  by  Fig.  13,  and  subsequent  investigators,  in 
demonstrating  the  fallacy  of  Newton's  theory,  show  that  air, 
as  a  medium,  is  similar  in  character  to  water,  so  that  Fii(.  13 
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also  illustrates  the  action  of  a  stream  of  air  in  striking  a  flat  surface 
held  at  rig^t  angles  to  its  course. 

Newton  calculated  that  the  resistance  of  a  "continued  medium** 
varies  in  the  "duplicate  ratio  of  the  velocity/'  and  directly  as  the 
density  of  the  medium  itself.  Robins,  in  174G,  with  a  view  to  deter- 
mining the  resistance  of  the  air  to  cannon  balls,  whirled  planes  and 
spheres  about  a  circular  orbit,  and  found  that  the  resistance  varied 
directly  as  the  square  of  the  velocity.  This  was  also  determined 
to  be  true  in  various  ways  by  later  experimenters,  Rennie  having  so 
abundantlv  verified  this  relation  for  low  velocities  in  1830,  that  it 
has  since  been  accepted  without  question. 

Constant  K  of  Air  Resistance.  But  to  accurately  calculate  the 
pressure  on  a  given  surface,  we  must  have  another  factor  and  that  is 
the  density  of  the  medium  pressing  against  the  surface.  There  is  a 
great  deal  of  variance  between  different  investigators  regarding  the 
value  of  this  factor,  but  once  it  is  known,  the  resistanc^e  of  the  air 
may  be  expressed  in  terms  of  pounds  pressure  by  the  following 
formula : 

Pressure  equals  constant  X  area  X  velocity  squared 
or 

P=AMP 

where  A'  is  the  "constant  of  air  resistance,'-  the  value  of  which  depends 
upon  the  density  (barometric  pressure)  and  temi)erature  of  the  air 
and  the  character  of  the  surface  of  the  plane.  This  equation  may  be 
derived  from  the  laws  of  mechanics  as  follows: 

Let  JV  equal  the  weight  of  the  air  directed  against  any  normal 
surface  in  a  given  time;  w  equal  weight  in  pounds  of  one  cubic  foot 
of  air;  V  equal  velocity  of  the  air  stream  in  feet  per  second;  .4  equal 
area  of  surface  on  which  pressure  acts;  M  equal  mass  of  air  of  weight 
'1';  g  equal  acceleration  due  to  gravity,  or  32.2  feet  per  second  per 
second;  and  P  equal  pressure  on  the  area  A,  Then  the  total  weight 
W  will  equal  the  product  of  the  weight  of  the  total  number  of  cubic 
feet  IT,  times  the  area,  times  the  velocity,  or 

W  =  wAV 

But  the  momentum  of  the  force  on  the  area  is  equivalent  to 
the  mass  times  its  velocity;  and  if  A  be  assumed  to  equal  one  square 
footy  IT  equals  0.0807  pounds,  or  the  weight  of  air  per  cubic  foot  at 
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32°F.  and  30  inches  barometric  pressure,  and  V  may  be  expressed 
in  miles  per  hour.   Then,  since  VP  =  MV, 

P  =  .0054  n 

K  thus  taking  the  theoretical  value  .0054  where  V  is  expressed  in 
miles  per  hour  and  P  in  pounds  per  square  foot. 

In  1759,  Smeaton  deduced  the  formula  P=.005  P'*,  and  con- 
sidering A  as  unity,  he  published  a  table  of  velocity  and  pressure  of 
the  wind.  His  actual  value  for  K  was  .00492,  but  it  early  became 
customary  in  engineering  practice  to  take  it  as  .005.  This  table  was 
regarded  as  a  standard  in  engineering  textbooks  for  years,  but  as 
it  has  been  shown  to  be  erroneous  long  since,  it  is  not  given  here. 

Numerous  other  investigators  have  deduced  the  value  of 
A"  as  ranging  all  the  way  from  .0025  to  .0055.  In  1842  Colonel 
Duchemin  derived  it  as  .00492  and  published  the  results  of  a  thorough 
series  of  experiments  which  have  proved  very  valuable.  Early 
investigators  erred,  however,  in  the  method  of  making  their  experi- 
ments which  were  conducted  with  the  aid  of  a  revolving  member  or 
"whirling  table,"  and  overlooked  the  disturbing  effects  of  the  cyclonic 
action  thus  set  up.  The  values  deduced  by  more  recent  experimenters 
employing  surfaces  either  held  rigid  against  the  stream  of  air,  or 
moved  directl v  into  it,  are  as  follows : 


Col.  Ronard 

1887  A'  =  .00348 

Laiigloy 

1888  A'  =  .00389  to  .00320 

Lilionthal 

1889  A'  =  .005 

Voisin 

1900  K  =  .0025 

Wright  Brothers    1901  A' =  .0033 
Eiffel  1903  A  =  .0031 

Eiffel  was  among  the  first  to  recognize  two  sources  of  inaccuracy 
— the  neglect  of  the  consideration  of  separate  air  filaments  which 
vary  at  different  points  on  the  surface,  and  the  cyclonic  action  of  the 
air  due  to  a  revolving  source.  His  experiments  were  carried  out  on 
the  Eiffel  Tower.  The  surface  was  attached  to  a  carriage  by  springs, 
the  pressure  being  recorded  on  a  blackened  cy Under.  The  carriage 
was  allowed  to  fall  vertically  about  312  feet  and  was  constrained  in 
its  motion  by  a  vertical  cable. 

The  coefficient  K  varied  remarkably  little  and  was  practically 
determined  as  .0031.  lie  also  found,  that  between  700  and  1,300 
feet  per  second  the  .pressure  was  proportional  to  the  square  of  the 
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Fig.  14.     Diagram  Showing  Lift  and 
Drift  of  a  Plane 


velocity,  but  that  at  about  1,300  feet  per  second,  it  began  to  increase 
and  vary  as  the  cube.  As  it  is  unlikely  that  aeroplanes  will  ever 
reach  such  velocities,  this  is  a 
factor  that  need  not  be  con- 
adered. 

Out  of  the  great  number  of 
experiments  of  this  kind,  con- 
ducted in  various  ways,  those 
carried  out  on  the  Berlin-Zossen 
electric  line  in  1903  are  un- 
doubtedly the  most  accurate 
as  well  as  the  best  applicable 
to  the   actual  conditions  of  a 

large  body  moving  through  the  air  at  high  speed.  Velocities  as  high 
as  120  miles  an  hour  were  attained  and  the  air  resistance  carefully 
measured  by  an  elaborate  set  of  pressure  gauges.  The  mean  value 
of  the  results  as  plotted  on  a  chart  gave  P  =  .0027  V^, 

Comparing  the  result  of  grouping  the  values  as  determined  in 
three  different  ways  and  taking  their  average,  we  have 

(1)  A' =  .0054  (by  theory)   . 

(2)  A' =  .0042  (by  rotating  apparatus) 

(3)  K  =  .0029  (by  movement  in  a  straight  line) 

For  the  purpose  of  calculations  of  pressures  on  an  aeroplane, 
the  third  is  naturally  the  most  accurate,  so  that  for  figuring  air  pres- 
sures as  applied  to  aeroplanes,  the  most  practical  expression  of  such 
pressure  is  P=.003  Al\  where  K=m3, 


Fig.  15.    Disturbances  Caused  in  Air  by  a  Plane  at  a  Small  Angle  of  Incidence 

Air  Pressure  on  Moving  Surfaces.    Plane  Surfaces,    This  is 
the  starting  point  in  all  aeroplane  calculations.     Next  comes  the 
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action  of  different  forms  of  surfaces  when  moved  forward  through 
the  air.  Investigations  of  this  phase  of  the  subject  also  date  back 
to  Newton,  but  a  great  deal  of  the  work  of  early  experimenters  was 
shown  to  be  wrong  by  Langley,  who  verified  Duchemin's  neglected 
formula  of  1842. 

Assuming  P„  to  represent  the  pressure  acting  perpendicularly^ 
to  the  surface  of  a  plane  inclined  at  an  angle  in  a  wind  current  of 
velocity  V,  we  may  resolve  it  into  two  components  at  right  angles; 
one  acting  perpendicularly  and  equal  to  L,  and  another  acting  hori- 


Fig.  10.     Disturbances  Caused  in  Air  by  a  Curved  Plane  at  a  Small  Angle  of  Incidence 

zontally  and  equal  to  Z),  Fig.  14.     In  the  present  terminology  of 
aerodynamics,  L  is  termed  the  lift  and  D  the  drift  of  a  plane.     Then 


and 


D  =P„  sin  a 


L  =  P„  cos  a 


This  was  resolved  as  early  as  1809  by  Sir  George  Cayley  and  has 
since  been  verified  by  Langley  and  by  actual  practice.  The  ratio  of 
these  two  quantities  LD,  termed  the  ratio  of  lift  to  drift,  is  the  means 
of  expressing  the  aerodynamic  efficiency  of  the  supporting  surface  of 
an  aeroplane. 

Curved  Surfaces,  Up  to  Lilienthal's  time  all  experiments  had 
been  made  with  flat  surfaces  and  as  the  result  of  his  study  of 
birds'  wings,  he  was  the  first  to  recognize  that  even  very  slight 
curvatures  of  the  plane  profile  (section)  considerably  increased  the 
lifting  power.  The  reactions  and  disturbances  of  flat  and  curved 
planes  traveling  through  the  air  are  graphically  illustrated  by  Figs. 
15  and  16.     In  a  flat  plane,  the  pressure  is  always  perpendicalir 
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to  the  surface  and,  as  already  pointed  out,  the  ratio  of  lift  to  drift  is, 
therefore,  as  the  cosine  to  the  sine  of  the  angle  of  incidence.  The  angle 
of  incidence  is  the  angle  at  which  the  plane  is  inclined  to  the  air 
current.  But  in  curved  surfaces,  Fig.  17,  as  first  shown  by  Lilienthal, 
the  pressure  is  not  uniformly  normal  to  the  chord  of  the  arc,  but  is 


or 

I 


Fig.  17. 


Resolution  of  Force  Diagram  for  a  Curved  Plane 


considerably  inclined  forward  of  the  perpendicular,  with  the  result 
that  the  lift  is  increased  and  the  drift  decreased.  He  stated  it  as 
follows: 

When  a  wing  with  an  arched  surface  is  struck  by  the  wind  at  an  angle 
a  with  a  velocity  V,  there  will  be  generated  a  pressure  P,  which  is  not  normal, 
but  is  the  resultant  of  a  force  N^  normal  to  the  chord,  and  of  another  force  T, 
tangential  to  the  chord. 

Taking  A  as  the  area  of  the  wing,  and  .005  as  the  coefficient  of  air  resist- 
ance, it  is  apparent  that — 

Ar  =  nX.005XAxr« 
r=  <X.005XAXV* 

Values  of  n  and  <,  which  represent  constants  used  by  Lilienthal,  show 
the  arched  surfaces  still  possess  supporting  powers  when  the  angle  of  incidence 
becomes  negative,  i.e.,  below  the  horizontal.  The  air  pressure  P  becomes  a 
propelling  force  at  angles  exceeding  3  degrees  up  to  30  degrees. 

As  Chanute  pointed  out,  this  does  not  mean  that  there  is  no 
horizontal  component,  or  drift,  of  the  normal  pressure  iV  under 
these  conditions,  but  that,  at  certain  angles,  the  tangential  pressure 
r,  which  would  be  parallel  to  the  surface  and  only  produce  friction 
in  the  case  of  a  flat  plane,  acts  on  a  curved  surface  as  a  propelling 
focoe.    The  experiments  of  the  Wright  Brothers  at  Kitty  HaNvk» 
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North  Carolina,  verified  the  existence  of  Lilienthal's  tangential,  and 
experiments  conducted  by  them  later  in  their  laboratory  further 
supported  this  fact,  though  their  results  differed  from  Lilienthal's 
at  angles  below  10  degrees.  Fig.  17  illustrates  the  resolution  of 
forces  on  a  curved  plane,  L  and  D  being  the  lift  and  drift  as 
obtained  from  the  effective  pressure  N. 

Lilienthal  prepared  a  table  giving  the  values  of  n  and  t  on  an 
inclined  surface,  on  a  basis  of  ^  curve  from  zero  to  90  degrees, 
and  a  comparison  of  this  with  the  experiments  of  Langley  on  flat 
surfaces  exhibits  at  once  the  greater  lifting  effect  of  curved  surfaces. 

An  examination  of  the  photographs  of  stream  lines  of  air 
obtained  by  such  experimenters  as  Marey,  Hele-Shaw,  and  Mach 
and  Akborn  suggests  that  a  surface  with  a  pronounced  curve  at 
the  front  would  tend  to  produce  a  vortex  action  under  the  front 
edge,  when  the  current  of  air  is  swift  enough,  and  recent  investiga- 
tions indicate  that  such  action  increases  the  dynamic  resistance 
enormously  as  the  speed  increases.  In  racing  machines,  therefore, 
the  curved  surface  so  widely  used  in  slower  machines  is  being 
gradually  departed  from  and,  in  its  stead,  a  surface  with  a  flat 
under  side  and  a  curved  upper  side,  having  considerable  thickness 
at  the  center,  is  being  substituted.  The  air  stream  is  thus  guided 
smoothly  over  the  upper  curved  surface,  while  the  lower  flat  face 
permits  a  much  easier  flow  and,  consequently,  a  decrease  of  dynamic 
resistance,  or  drift.  The  decrease  in  the  lift  thus  occasioned  is 
compensated  for  by  the  higher  velocities  due  to  increased  motor 
power. 

Ratio  of  Lift  to  Drift.  The  ratio  of  lift  to  drift  is  of  great 
importance  in  the  design  of  aeroplanes,  and  the  surface  having  the 
greatest  ratio  under  working  conditions  is  the  most  efficient  from 
an  aerodynamic  standpoint,  i.e.,  it  carries  the  greatest  weight  with 
the  least  power.  The  large  value  of  the  ratio  for  small  angles 
shows  arched  surfaces  to  be  the  most  economical  in  flight.  The 
experiments  on  the  relation  of  sustaining  power  to  head  resistance, 
on  various  planes,  show  that  a  thick  curved  plane  is  very  efficient 
as  well  as  by  far  the  most  stable. 

Aspect  Ratio.  ** Aspect  ratio''  is  the  term  conunonly  employed 
to  indicate  the  ratio  of  spread,  i.e.,  width  of  the  supporting  sur- 
faces to  their  depth.    It  is  a  feature  of  greater  importance  thaa 
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Ktntti  cS  the  idane  itself,  in  that  it  determines  to  a 
bfe  extmt  the  lifting  power  of  the  latter.  At  first  glance, 
aeem  that  a  given  area  of  surface  at  a  certain  angle  of 
and  moving  at  a  stated  d'peed  would  produce  a  definite 
^on,  regardless  of  the  plan  form  of  the  surface.  This  b 
ase,  however,  as  can  be  simply  demonstrated.  The  plan 
its  aspect  or  direction  of  presentation  are  items  of  the 
importance  in  determining  the  lifting  power  per  unit  of 
mously,  the  lifting  or  supporting  reaction  of  the  air  upon 
depends  upon  the  amount  of  air  displaced  or  acted  upon 
a  unit  of  time.  Fig.  18  shows  three  equal  surfaces  of 
ar  plan  form,  vary- 
lir  respective  ratios 
o  length,  the  length 
»ch  case  measured 
to  the  line  or  axis 

ch  of  the  three  sur- 
B,  and  C,  Fig.  18, 
the  same  angle  of 
and  is  moved  along 
:  flight  at  the  same 
le  amount  of  air 
»n  in  unit  time  (the 
)f  the  relative  sup- 
owers)  will  natur- 
amongthe  three  surfaces  as  the  width  of  the  presented  edge; 
r  equal  rectangular  areas  of  supporting  surface,  at  the  same 
i  angle  of  incidence,  the  supporting  powers  vary  as  the 
the  widths  to  lengths  along  the  axes  of  flight;  therefore,  if 
ce  A  will  support  1  pound,  li  will  support  .5  pound,  and 
pport  4  pounds,  all  other  conditions  being  identical.  Of 
lese  figures  are  modified  considerably  by  the  heights  and 
r  which  the  air  is  acted  upon  by  the  passage  of  the  sur- 
,  since  these  values  vary  directly  but  in  reduced  ratios 
ial  lengths  of  the  compared  surfaces,  it  will  be  apparent 
nil  not  actually  lift  eight  times  as  much  weight  as  B. 
the  rate  of  gain  is  very  much  higher  than  the  tale  oil 
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loss,  as  the  width  or  spread  is  extended  and  the  depth  correspond- 
ingly decreased,  as  strikingly  shown  by  the  simple  comparison  just 
given.  In  the  case  of  plane  A,  the  aspect  ratio  is  1  to  1;  in  fi 
it  is  .5  to  1,  or  what  might  be  termed  a  negative  aspect  ratio;  and 
in  C  it  is  4  to  1.  The  usual  aspect  ratio  employed  in  actual  practice 
varies  between  5  and  7  to  1. 

As  a  matter  of  fact,  the  efficiency  of  the  supporting  reaction 
increases  almost  indefinitely  with  an  extension  of  the  width  to 
length  ratio  and  in  practice  is  limited  only  by  constructional 
considerations.  This  is  shown  in  nature  by  the  extremely  great 
spread  of  wing  of  the  soaring  birds  as  compared  with  their  depth. 
For  instance,  the  man-of-war  hawk,  a  tropical  marine  bird,  has  a 
spread  of  wing  of  several  feet  while  its  depth  is  but  a  few  inches 
(plane  C).  It  is  very  rarely  seen  to  move  its  wings  in  flight  but 
soars  practically  motionless  at  altitudes  of  several  hundred  to  a 
thousand  feet.  The  common  black  crow  of  northern  latitudes,  on 
the  other  hand,  has  a  wing  more  closely  approximating  plane  B, 
considering  the  upper  edge  of  this  to  be  the  one  presented  to  the 
air,  instead  of  the  left-hand  edge  as  in  the  illustration.  Birds  of 
this  class  are  slow  and  heavy  fliers  and  have  to  flap  their  wings 
constantlv. 

Weight  for  weight,  the  structure  of  surface  B  can  be  made 
stronger  than  A,  even  as  A  is  inherently  stronger  than  C,  and  the 
limit  of  extension  of  the  aspect  ratio  is  determined  only  by  strength 
considerations  in  the  completed  surface.  Average  practice  in  this 
respect  places  the  ratio  at  about  6  to  1. 

Angle  of  Incidence.  Briefly  expressed,  the  principle  of  flight 
is  that  of  driving  an  inclined  surface  against  a  constantly  renewed 
mass  of  air.  It  will  be  apparent  from  what  has  previously  been 
outlined  that  a  flat  surface  driven  horizontally  into  an  oncoming 
mass  of  air  would  have  a  minimum  of  resistance  and  practically 
no  lift,  since  no  center  of  pressure  would  be  established  on  such  a 
surface.  It  is  accordingly  necessary  to  incline  it  so  that  a  large 
part  of  the  air  mass  that  it  strikes  is  deflected  beneath  it,  pressing 
it  upward,  the  lifting  force  thus  set  up  being  increased  by  the 
upward  deflection  of  that  portion  of  the  air  that  passes  above  the 
surface.  In  this  way  the  downward  pressure  of  the  atmosphere 
upon  the  surface  is  decreased.    This  inclination  b  termed  the  an^  | 
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of  inddence,  or  the  angle  of  attack,  and  it  represents  the  angle  at 
which  the  supporting  surfaces  of  the  aeroplane  are  fixed  with  rela- 
tion to  the  line  of  thrust,  as  it  is  the  effort  of  the  propeller  pulling 
or  pushing  the  machine  into  continually  renewed  masses  of  air  that 
supports  it.  Thus,  the  surface  lifts  the  weight  of  the  aeroplane, 
and  the  horizontal  thrust  of  the  propeller  overcomes  the  resistance, 
or  drift.  The  method  of  taking  advantage  of  this  action  and  reaction 
is  indicated  in  Fig.  19. 

It  is  plain  that  the  angle  of  incidence,  or  angle  at  which  the 
main  supporting  surfaces  are  set  with  relation  to  the  horizontal 
representing  the  thrust  of  the  propeller,  /iffects  both  the  extent  of 
the  area  required  for  support  and  the  speed  at  which  this  surface 


fiMiLe  Of 'fiClO£fKE  OR  RTTnCli 


PReaSURE  tNCRERSiNG  LIFT 


Fig.  19.     IIIustratinK  Angle  of  Incidence  and  it.s  KlTert 

is  rlriven  into  new  masses  of  air.  For  example,  if  the  angle  of 
incidence  be  decrease<l,  it  is  necessary  to  increase  the  velocity  with 
which  the '  supp>orting  surfaces  engage  the  oncoming  air  in  order 
that  the  same  volume  be  acted  upon  to  contribute  to  their  lift  in 
the  same  time,  the  weight  to  be  lifted  being  the  same.  This 
results  from  the  fact  that  the  smaller  the  angle  of  incidence,  the 
closer  the  supporting  surfaces  approach  to  the  horizontal  and,  as  a 
consequence,  the  smaller  the  volume  of  air  acted  upon  to  lift  them 
per  unit  of  time.  While  the  lift  is  decreased,  the  speed  of  the 
machine  for  the  same  amount  of  driving  effort  is  correspondingly 
increased.  Hence,  the  machine  designed  for  high  spt^nls  is  given 
a  small  angle  of  incidence  and  likewise  a  smaller  area  of  supporting 
surface,  thus  reducing  its  drift,  or  resistanc^e,  in  two  ways. 
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Minimum  Angle  of  Incidence.  In  thus  decreasing  the  angle  of 
attack  up>on  the  air,  a  point  is  soon  reached  at  which  the  lift 
diminishes  below  a  value  sufficient  for  maintaining  horizontal 
flight  with  a  given  amount  of  power,  supporting  surface,  and 
weight.  The  point  at  which  horizontal  flight  may  just  be  main- 
tained with  a  specified  surface,  power,  and  weight  is  the  minimum 
angle  of  incidence.  In  this  connection,  however,  the  surface  includes 
all  areas  setting  up  resistance,  or  drift,  such  as  the  struts,  bracing 
wires,  body,  and  the  like,  and  not  merely  the  supporting  surfaces 
of  the  wings. 

Maximnm  Angle  of  Incidence,  In  order  that  a  machine  may 
fly,  its  supporting  surfaces  must  be  driven  through  the  air  at  a 
given  speed.  But  as  the  angle  of  incidence  increases,  the  speed  for 
a  given  power  falls  off  very  rapidly  until  a  point  is  reached  where 
horizontal  flight  can  no  longer  be  maintained.  Consequently,  the 
maximum  angle  of  incidence  is  the  greatest  angle  at  which,  for  a 
given  amount  of  surface  (including  non-lifting  surface),  weight,  and 
power,  horizontal  flight  may  just  be  maintained. 

Most  Effecfive  Angle  of  Incidence.  It  is  apparent  that  at 
neither  the  minimum  nor  the  maximum  angle  of  incidence  can  the 
best  results  be  obtained  from  a  given  amount  of  driving  effort, 
since  these  represent  the  extremes  at  which  horizontal  flight  may 
just  be  maintained.  Consequently,  the  most  efficient  angle  of 
incidence  lies  somewhere  between  these  two.  It  is  found  at  the 
point  at  which  the  ratio  of  lift  to  drift  is  highest,  and  this  occurs 
at  the  angle  of  incidence  that  the  supporting  surface  has  when  the 
axis  of  the  propeller  is  horizontal,  that  is,  when  flying  along  a 
level  path. 

Best  Climbing  Angle.  It  is  also  plain  that  any  deviation  from 
this  horizontal  flight  path  changes  the  angle  of  incidence  and  causes 
the  supporting  surfaces  to  engage  more  or  less  air,  thus  increasing 
or  decreasing  the  lift  in  accordance  with  the  altitude  given  the 
machine.  But  as  increasing  the  angle  of  incidence  .  decreases 
the  speed,  it  follows  that,  in  climbing,  the  best  angle  is  that  at 
which  the  machine  will  maintain  a  good  speed  and  at  the  same  time 
ascend.  This  is  known  as  the  best  climbing  angle,  and  it  usually 
lies  about  midway  between  the  maxunum  and  minimum  angles 
of  incidence.     Heading  the  machine  upward  ihueh  be;  this 
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angle  results    in    reducing  its   speed   below   the   point  at  which 
horizontal  flight  may  be  maintained  and  the  aeroplane  is  then  said 
to  "stall."     Stalling  is  one  of  the  errors  most  likely  to  be  com- 
mitted by   the   novice  both  in  climbing  and  in  landing,  and  in 
either  case  it  causes  the  machine  to  drop.     In  making  a  landing, 
the  inexperienced  flyer  is  apt  to  elevate  the  nose  of  the  machine 
overmuch   in   order  to  bring  it  to  a  stop  quickly,  resulting  in  a 
crash  to   the   ground,    termed    "pancaking.''    Speed   through   the 
air  is  absolutely  essential  to  produce  the   necessary   lifting  force, 
and  when  it  decreased  below  the  minimum   required   to  maintain 
horizontal   flight,   gravity  becomes  superior   to   the   lift  and   the 
machine  drops. 

Speed  vs.  Climbing  Ability.  From  the  foregoing,  it  is  clear 
that  to  obtain  the  maximum  speed  a  small  angle  of  incidence  is 
required  and  that  the  high  velocity  thus  attained  permits  of 
re<lueing  the  supporting  surface,  since  tlie  lift  is  a  function  of  the 
mass  of  air  acted  upon  in  a  given  unit  of  time.  The  require- 
ments for  climbing  ability  are  directly  the  opposite  of  this,  as  a 
large  angle  of  incidence  is  necessary  so  that  in  ascending  the 
supporting  surfaces  will  engage  the  maximum  amount  of  air  with- 
out having  to  raise  the  line  of  thrust  too  far  above  the  horizontal, 
at  which  it  is  most  efficient.  But  a  large  angle  of  incidence 
results  in  a  low  speed,  so  that  a  correspondingly  larger  amount  of 
supporting  surface  is  required  to  act  upon  the  greater  mass  of  air 
needed  in  the  same  time  to  secure  the  necessary  lift.  A  further 
distinction  between  areoplanes  designed  chiefly  for  speed  and  those 
designed  for  climbing  ability  is  the  curvature  of  the  supporting 
surfaces,  or  cambery  which  has  an  important  hearing  on  the  lift 
of  the  surface.  In  the  high-speed  machine,  very  little  curvature 
i.s  necessarv',  since  the  plane  is  rapidly  passing  on  to  new  nuisses  of 
air,  in  the  same  manner  that  a  skater  may  stay  on  very  thin  ice 
as  long  as  he  keeps  moving  quickly.  To  provide  the  same  amount 
of  support  relative  to  the  velocity,  the  low-speed  machine  nuist  have 
wings  with  a  much  larger  camber. 

It  is  quite  evident  from  this  that  a  machine  designed  solely 
for  speed  would  be  of  little  value,  since  it  would  lack  the  ability  to 
fly  at  a  suflicient  an^Je  above  the  horizontal  to  asc(»nd  any  distance 
in  a  reasonable  time.    Moreover,  having  so  little   margin  of  \\?t, 
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it  would  be  difficult  to  keep  it  in  flight  along  a  horizontal  path,  as 
any  variation  of  its  air  speed  would  cause  it  to. drop,  resulting  in  a 
swooping  flight  similar  to  that  of  the  sparrow.  On  the  other  hand, 
an  aeroplane  designed  solely  for  climbing  would  have  such  a  low 
speed  in  horizontal  flight  as  to  be  correspondingly  valueless. 

Comproinise  Unavoidable.  The  ideal  aeroplane  would  naturally 
be  one  in  which  maximum  speed  and  maximum  climbing  ability 
were  combined.  To  achieve  this  it  involves  a  design  in  which  the 
angle  of  incidence  of  the  supporting  surfaces  may  be  varied  at 
the  will  of  the  pilot.  When  it  is  desired  to  fly  at  the  highest  speed 
on  a  horizontal  path,  the  angle  and  the  camber  of  the  wings 
could  be  reduced;  to  reach  high  altitudes  in  the  shortest  time, 
they  could  be  increased.  Undoubtedly,  this  is  a  development  of 
aeroplane  design  that  will  materialize  in  time,  but  at  present  it  is 
not  possible  to  take  care  of  the  weight  that  such  a  mechanism  would 
involve,  even  if  a  satisfactory  method  of  varying  these  factors  in  flight 
were  now  available.  Consequently,  aeroplane  design  is  a  compro- 
mise between  speed  and  climbing  ability,  which  is  unfortunate,  since 
for  military  purposes  it  is  essential  that  the  pilot  should  have  at 
his  command  both  speed  and  climbing  ability  when  he  needs  them 
and  at  altitudes  almost  undreamed  of  a  few  years  ago — ^heights  at 
which  the  margin  of  lift  of  even  the  best  machines  has  vanished. 

The  variable  angle  of  incidence  machine  which  would  make 
unnecessary  the  compromise  between  speed  and  climbing  ability  now 
unavoidable  is  not  wholly  a  matter  of  the  future  by  any  means,  since 
numerous  attempts  have  already  been  made  to  develop  such  a  type. 
In  fact,  the  Lanzius,  which  is  the  invention  of  a  Hollander  has  been 
built  in  this  country,  though  so  far  as  known  it  has  never  been 
officially  adopted  for  military  service.  The  problem  is  one  of  aero- 
dynamics, quite  as  much  as  mechanics,  since  an  increase  in  the  angle 
of  incidence  increases  the  drift  as  well  as  the  lift  and  always  in  greater 
proportion  than  the  latter.  The  reverse  holds  good  as  well,  i.e.,  by 
decreasing  the  angle  of  incidence,  both  the  lift  and  the  drift  are 
decreased  but  the  lift  decreases  in  greater  proportion  than  the  drift, 
so  that  at  any  other  angle  of  incidence  than  that  for  which  a 
machine  is  designed,  its  efficiency  falls  oflf  rapidly. 

Margin  of  Lift.  To  obtain  a  clear  understanding  of  why  an 
aeroplane  can  climb  to  a  certain  altitude  but  cannot  go  mar 
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higher,  despite  the  fact  that  at  that  altitude  it  is  still  capable  of 
flying  at  high  speed  along  a  horizontal  path,  it  is  essential  to 
have  a  knowledge  of  what  makes  it  possible  for  the  machine  to 
reach  that  hei^t.  In  order  to  maintain  horizontal  flight,  it  is 
necessary  to  provide  an  amount  of  thrust  which,  when  applied  to 
a  ^ven  area  of  supporting  surface  of  a  predetermined  camber  and 
set  at  a  given  angle  of  incidence,  will  create  a  lifting  force  suffi- 
cient to  overcome  the  weight  of  the  machine  and  its  load  as  well 
as  its  drift,  or  resistance.  But  as  an  aeroplane  that  was  merely 
capable  of  lifting  itself  off  the  ground  and  flying  horizontally 
would  possess  little  practical  value,  its  motor  and  propeller  must 
generate  a  thrust  that  provides  a  lifting  force  in  excess  of  this  mini- 
mum. The  lifting  force  of  an  aeroplane  in  excess  of  the  minimum 
required  for  horizontal  flight  determines  the  altitude  to  which  an 
aeroplane  can  climb  in  a  given  time  and  is  its  margin  of  lift. 

Decrease  with  Altitude.  When  it  is  required  by  the  specifica- 
tions for  a  given  design  that  the  machine  shall  have  a  climbing 
speed  enabling  it  to  mount  so  many  thousand  feet  in  a  given 
number  of  minutes,  it  is  simply  equivalent  to  stating  that  the 
aeroplane  shall  have  a  certain  margin  of  lift.  But  while  this  is 
usually  stated  in  terms  of  total  altitude  and  time,  it  does  not 
necessarily  imply  that  the  machine  shall  be  capable  of  rising  at  a 
uniform  speed  to  that  height.  In  other  words,  while  an  aeroplane 
may  climb  to  an  altitude  of  10,000  feet  in  ten  minutes,  it  does  not 
mean  that  the  machine  climbs  1,000  feet  for  each  minute  of  the 
time.  Rising  from  a  point  200  feet  above  sea  level,  it  may  climb 
1,500  feet  the  first  minute,  1,300  the  next,  and  so  on.  The  margin 
of  lift  decreases  with  the  altitude  because  the  driving  power  of  the 
engine  and  the  efficiency  of  the  propeller  both  fall  oflF  as  higher 
levels  are  reached,  due  to  the  decrease  in  the  density  of  the  air. 
As  the  air  becomes  rarer,  the  amount  of  oxygen  it  contains  for  a 
given  volume  decreases,  and  since  the  power  developed  by  the  motor 
dep)ends  upon  the  oxygen  content  of  the  air  mixed  with  the  vapor- 
ized fuel  by  the  carbureter,  there  is  less  and  less  power  available 
as  the  machine  reaches  higher  altitudes. 

The  extreme  altitude  at  which  a  machine  is  capable  of  flying  is 
termed  its  ceiling  and  the  method  of  calculating  this  for  any  given 
machine  b  outlined,  p.  73,  "Design  and  Construction  of  AeropVaive^-' 
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Skin  Friction.  By  analogy  with  the  great  frictional  resistance 
of  a  body  in  water,  it  would  seem  as  if  the  friction  of  the  air  would 
also  be  considerable.  This  ia  termed  skin  friction  and,  in  their  experi- 
ments, many  early  investigators  put  it  down  as  practically  a  negli^ble 
factor.  Professor  Zahn  went  into  this  thoroughly  in  1903  and  deter- 
mined that  the  friction  of  the  air  on  surfaces  is  an  important  factor. 
He  expressed  its  general  value  in  the  formula  F=  .0000158  L-**ip  '■*, 
where  F  is  the  frictional  drag  in  pounds  per  square  foot,  L  is  the 
length  of  the  surface  in  the  direction  of  motion  in  feet,  and  v  is  the 
velocity  of  the  air  past  the  surface  in  miles  per  hour.  The  friction 
was  found  to  be  approximately  the  same  for  all  smooth  surfaces, 
but  10  to  15  per  cent  greater 
on  extremely  rough  surfaces, 
which  accounts  for  the  care  with 
which  the  supporting  surfaces  of 
an  aeroplane  are  made  smooth. 
It  b  now  generally  accepted  that 
skin  friction  is  an  appreciable 
factor  in  tlie  resistance  of  an 
aeroplane,  amounting  to,  in  an 
average-sized  madiine,  from  10 
to  15  pounds. 

In  his  experiments  to  deter- 
mine head  resistance  and  skin 
friction,  Langley  employed  a  ro- 
tating table  with  a  collapsible  arm  holding  a  straight  plane  cutting 
edge  of  a  given  area,  which  could  be  moved  at  different  speeds.  He 
found  that  25(i  square  feet  of  skin-frictional  surface  developed  ap- 
proximatel\-  1  pound  resistance  at  a  speed  of  30  miles  an  hour.  It 
was  also  found  that  cutting  edges  with  straight  surfaces  and  sharp 
angles  developed  almost  double  the  resistance  of  a  cutting  edge 
with  a  spherical  surface,  while  an  elliptical  surface  had  but  half 
the  resistance  of  a  sjthere. 

Center  of  Pressure.  Xewton  assumed  that  when  a  rectangular 
plane  was  moved  throufih  the  air  at  an  angle  inclined  to  the  line  of 
motion,  the  center  of  pressure  and  the  center  of  surface  were  always 
coincident.  This  is  not  the  case,  however,  the  center  of  pressuR 
V8i;ying  as  the  angle  of  incidence.    Numeroua  experimenters  inw*- 
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tigated  this  with  practically  similar  results,  Langley's  experiments 
with  Ids  "counterpoised  eccentric  plane"  having  been  of  this  nature. 
But  all  these  experiments  were  on  flat  surfaces  and  the  movement  of 
the  center  of  pressure  on  curved  surfaces  is  totally  different.  In 
deeply-ardied  surfaces,  it  moves  steadily  forward  from  the  center 
of  surface  as  the  inclination  is  turned  down  from  90  degrees,  until 
a  certain  point  is  reached,  varying  with  the  depth  of  curvature, 
Fig.  20.  After  this  point  is  passed,  a  curious  phenomenon  takes 
place.    Instead  of  continuing  to  move  forward  with  a  decrease  of 
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Fl^.  21.     Six  Stages  of  Development  of  the  Aeroplane  Supporting  Surface 

angle,  the  center  of  pressure  turns  abruptly  and  moves  rapidly  to 
the  rear.  This  action  is  due  largely  to  the  pressure  of  the  wind 
acting  also  on  the  upper  side  of  the  arched  surface  at  low  angles. 
The  action  is  unmistakable  and  has  often  been  observed  in  practice; 
the  reversal,  which,  according  to  Rateau,  occurs  as  the  angle  of 
15  degrees  is  approached,  strikingly  illustrates  tlie  difference  in  the 
conditions  of  pressure  on  a  curved  surface  at  low  angles  as  compared 
with  those  of  flat  surfaces.  A  region  of  instability  at  30  degrees  also 
appears  to  be  present  in  a  curved  surface. 

Evohition  of  Curved  Supporting  Surface.  The  foregoing 
emphasizes  the  great  importance  of  the  proper  curvature  of  the  sup- 
porting auifooes  of  an  aeroplane^  and  the  evolution  of  this  curve  \va?> 
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been  so  minute  and  apparently  so  insignificant  that  its  actual  impor- 
tance is  not  appreciated  except  by  the  experienced  designers  of 
machines.  Going  back  to  before  Lilienthars  time,  it  may  be  said 
to  progress  in  six  stages,  Fig.  21 ;  First,  the  flat  plane,  held  horizon- 
tally. Second,  at  an  angle  of  incidence.  (With  neither  of  these  was 
there  any  hold  on  the  air.)  Third,  the  true  arc  of  a  sphere  was 
employed  and  with  this  curve  the  feat  of  lifting  a  man  in  gliding 
flight  was  first  accompUshed,  due  primarily  to  the  fact  that  the  air 
was  not  thrown  off  at  such  a  sharp  angle  as  in  the  straight  plane. 
It  caused  the  air  to  compress  more  and  more  to  the  rear  of  the  curve, 
or  moved  the  center  of  pressure  backward.  Fourth^  the  next  step 
was  to  bend  the  forward  edge  of  the  arc  downward  sharply,  forming 
a  parabolic  curve  and  causing  the  air  to  shoot  upward  at  the  point 
of  contact,  giving  a  powerful  lift.  Fifth,  then  followed  the  remark- 
able discovery  that  with  a  certain  form,  the  upper  side  of  the  plane 
exerts  as  much  lift  as  the  under  side,  or  more.  This  was  found  by 
taking  a  flat  plane,  held  at  an  angle  of  incidence,  and  abruptly  bend- 
ing its  forward  edge  downward,  practically  at  right  angles.  By  this 
construction,  the  air  was  thrust  upward  on  the  outer  surface,  while 
the  air,  rushing  in  underneath  to  fill  the  partial  vacuum  thus  formed, 
exerted  a  powerful  lift  and,  at  the  same  time,  was  pushed  forward, 
thus  tending  to  diminish  the  head  resistance.  Still  more  important 
was  the  fact  that  the  air,  which  was  shot  vertically  upward  by  the 
butt  edge  of  the  curve,  tended  to  raise  the  plane  with  it,  giving  an 
upward  thrust  or  lift  almost  as  great  as  that  beneath  the  surface.  In 
the  final  stage,  the  plane  itself  is  no  longer  flat  but  curved  upward  as 
shown  in  the  figure.  In  Fig.  21,  these  curves  have  been  greatly 
exaggerated,  but  their  influence  will  be  apparent  upon  studying 
sections  of  the  supporting  planes  of  well-known  types  of  machines. 
The  reason  for  not  employing  such  exaggerated  curves  is  because 
of  the  excessive  head  resistance  that  would  be  created.  By  far  the 
greatest  factor  to  be  dealt  with  in  the  design  of  an  aeroplane  is  the 
resistance  to  motion.  On  its  elimination  as  far  as  possible  depend  the 
ability  to  fly,  the  speed,  and  the  power  efficiency.  The  total  resistr 
ance  may  be  divided  into  three  parts:  First,  the  head  resistance  of 
the  framing  and  body;  secofid,  the  drift  of  the  plane  or  planes;  and- 
third,  the  frictional  or  s^n  resistance  of  the  whole.  To  fly,  this  oom- 
bjDed  resistance  must/be  overcome  by  the  thrust  of  the  pfopelkr; 
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INTERNAL  WORK  OF  THE  WIND 

Character  of  Air  Currents.  Before  the  researches  of  Langley 
showed  its  true  nature,  the  wind  was  commonly  assumed  to  be  a 
homogeneously  moving  body.  In  other  words,  where  not  influenced 
by  terrestrial  obstructions,  a  wind  blowing  at  a  certain  speed  rep- 
resented a  uniformly-moving  current  of  air,  at  any  point  in  the  body 
of  which  the  moxnng  air  would  be  found  to  have  the  same  speed 
and  the  same  direction  of  travel.  The  subject  is  one  of  great  impor- 
tance to  the  aviator,  and  a  knowledge  of  it,  in  outline  at  least,  is 
essential  to  an  understanding  of  many  things  that  otherwise  are 
inexplicable. 

Instead  of  being  a  homogeneously  moving  body,  Langley  found 
that  a  current  of  air,  even  where  movements  only  in  one  horizontal 
plane  are  considered,  is  always  filled  with  amazingly  complex  motions. 
Some  of  these,  if  not  in  opposition  to  the  main  movement,  are  rela- 
tively so — ^that  is,  are  slower,  while  others  are  faster  than  this  main 
movement,  so  that  there  is  always  a  portion  opposed  to  it.  These 
irregular  movements  of  the  wind,  which  take  place  up,  down,  and  on 
everj'  side,  are  accompanied  by  equally  complex  condensations  and 
expansions,  but  it  will  be  apparent  that  only  a  small  portion,  thoso 
occurring  in  a  narrow  current  whose  direction  is  horizontal  and 
sensibly  linear,  could  be  recorded  by  the  anemometer.  However 
complex  the  movement  may  appear  as  shown  by  the  records  of  the 
instrument,  it  is  then  far  less  so  than  the  reality. 

Movements  of  a  Plane  in  Wind.  With  Vertical  Guides,  We 
will  presently  examine  the  means  of  utilizing  this  potentiality  of 
internal  work  in  order  to  cause  an  inert  body  whollv  unrestricted 
in  its  motion  and  whollv  immersed  in  the  current,  to  rise;  but  first 
let  us  consider  such  a  body  (a  plane)  whose  movement  is  restricted 
to  a  horizontal  direction,  but  which  is  free  to  move  between  fric- 
tionless,  vertical  guides.  Let  it  be  inclined  upward  at  a  small  angle 
(angle  of  incidence)  to  a  horizontal  wind,  so  that  only  the  vertical 
component  of  pressure  of  the  wind  on  the  plane  will  affect  its  motion. 
If  the  velocity  be  sufiScient,  the  vertical  component  of  the  pressure 
will  equal  or  exceed  the  weight  of  the  plane,  and  in  the  latter  case, 
'  the  plane  will  rise  indefinitely. 

For  example,  if  the  plane  be  a  rectangle  whose  length  is  six 
times  its  width  ^th  an  area  of  2.3  squareteet  to  the  pound  and  aa 
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inclination  at  an  angle  of  7  degrees,  and  if  the  wind  have  a  velocity 
of  36  feet  per  second,  experiment  shows  that  the  upward  pressure  will 
exceed  the  weight  of  the  plane,  and  the  latter  will  rise  (if  between 
vertical,  nearly  frictionless  guides)  at  an  increasing  rate  until  it 
has  a  velocity  of  2.52  feet  per  second,  at  which  speed  the  weight 
and  upward  pressure  are  in  equilibrium.  (Langley,  "Experiments 
in  Aerodynamics.'*)  Hence,  there  are  no  unbalanced  forces  acting 
and  the  plane  will  have  attained  a  state  of  uniform  motion. 

For  a  wind  that  blows  during  10  seconds,  the  plane  will,  there- 
fore, rise  about  25  feet.  At  the  beginning  of  the  movement,  the 
inertia  of  the  plane  makes  the  rate  of  rise  less  than  the  uniform  rate, 

but  at  the  end  of  10  seconds,  the  inertia  will 
cause  the  plane  to  ascend  a  short  distance 
after  the  wind  has  ceased,  so  that  the  deficit 
at  the  beginning  will  be  counterbalanced  by 
the  excess  at  the  end  of  the  assigned  inter\^al. 
Without  Vertical  Guides.  Such  a  plane  will 
be  lifted  and  sustained  momentarily,  even  if 
there  be  no  vertical  guides,  or,  in  the  case  of 
a  kite,  if  there  be  no  cord  to  sustain  it,  the  in- 
ertia of  the  body  supplying  for  a  brief  period, 
the  oflSce  of  the  guides  or  cord.  If  suitably 
disposed,  it  will  commence  to  move  under 
Fig.  22.   Movements  of      the  rcsistaucc  imposcd  only  by  its  inertia  to 

a  Free  Plane  in  Air  ,        .  .    ■,       ,      %  ..        .,         «.         ..  ji^i 

a  horizontal  wind,  not  m  the  direction  of  the 
wind,  but  nearly  vertically.  As  the  plane  takes  up  more  and  more 
the  motion  of  the  wind,  this  inertia  is  overcome  and  the  lifting 
effect  decreases,  that  is,  if  the  wind  be  the  approximately  homo- 
geneous current  it  is  commonly  treated  as  being,  and  finally  the 
plane  falls.  If,  however,  a  counter-current  be  supposed  to  meet  this 
inclined  plane  before  its  inertia  is  exhausted  and  consequently  before 
it  ceases  to  rise,  it  is  only  necessary  to  assume  its  revolution  through 
180  degrees  about  a  vertical  axis,  to  see  that  it  will  be  lifted  still 
higher  without  any  other  call  for  expenditure  of  energy,  as  its  inertia 
now  reappears  as  an  active  factor.  Fig.  22  shows  what  might  be 
assumed  to  happen  to  a  model  inclined  plane  freely  suspended  in 
the  air,  and  endowed  ^nth  the  p>ower  of  rotating  about  a  vertical 
axis  so  as  to  change  the  aspect  of  its  constant  inclination,  which 
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Deed  involve  no  theoretical  expenditure  of  energy,  even  though  the 
plane  possess  inertia.  It  is  evident  that  the  plane  would  rise 
indefinitely  by  the  action  of  the  wind  in  alternate  directions.  The 
dispoation  of  the  windy  which  is  here  supposed  to  cause  the  plane  to 
rise,  appears  at  first  an  impossible  one,  but  it  becomes  virtually 
possible  by  a  method  which  we  will  now  point  out  and  which  leads 
to  a  practicable  one  which  we  may  advally  employ.  (It  must  be  borne 
m  mind  that  these  experiments  were  carried  out  in  1893 — ten  years 
before  the  first  flight  of  the  Wright 
Brothers.) 

Behavior  in  Pulsating  Wind.  Fig.  23 
shows  the  wind  blowing  in  one  constant 
direction,  but  alternately  at  two  widely- 
varying  velocities,  or  rather,  in  the  ex- 
treme case  supposed  in  the  illustration, 
where  one  of  the  velocities  is  negligibly 
small,  and  whose  successive  pulsations  in 
the  same  direction  are  separated  by  in- 
tenals  of  calm.  A  frequent  alternation 
of  velocities,  united  with  constancy  of 
absolute  direction,  has  been  shown  to  be 
the  ordinar>'  condition  of  the  wind's 
motion;  but  attention  now  is  called  par- 
ticularly to  the  fact  that  while  these 
miequal  velocities  may  be  in  the  same 
direction  as  regards  the  surface  of  the 
earth,  yet  as  regards  the  m£an  motion  of  the  wind  they  are  in  oppo- 
site directions,  and  will  produce  on  a  plane,  whose  inertia  enables  it 
to  sustain  a  sensibly  uniform  motion  with  the  mean  velocity  of  this 
variable  wind,  the  same  lifting  effect  as  if  these  same  alternating 
winds  were  in  absolutely  opposed  directions,  provided  that  the 
constant  inclination  of  the  plane  alternates  in  its  aspect  to  corres- 
pond with  the  changes  in  the  wind. 

It  may  aid  in  clearness  of  conception,  if  we  assume  a  set  of  fixed 
co-ordinates,  X,  F,  Z,  passing  through  0,  and  a  set  of  movable 
co-ordinates,  x,  y,  z,  moving  with  the  velocity  and  direction  of  the 
mean  wind.    If  the  moving  body  is  referred  to  the  first  only,  \t  \s  ev\- 
dentJy  subject  to  pulsations  which  take  place  in  the  same  direclYOiv^ 
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Fig.  23.     Movements  of  a  Free 
Surface  in  a  Pulsating  Wind 
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on  the  axis  of  Jf ,  but  it  must  also  be  evident  that  if  referred  to  the 
second,  or  movable  co-ordinates,  these  same  pulsations  are  in  opposite 
directions.  This,  then,  is  the  case  we  have  just  considered,  and  if 
we  suppose  the  plane  to  change  the  aspe<^t  of  its  inclination  as  the 
direction  of  the  pulsations  changes,  it  is  evident  that  there  must  be 
a  gain  in  altitude  with  every  pulsation,  while  the  plane  advances 
horizontally  with  the  velocity  of  the  mean  wind. 

During  the  period  of  maximum  wind  velocity,  when  the  wind 
is  moving  faster  than  the  plane,  the  rear  edge  of  the  latter  must  be 
elevated.  During  the  period  of  minimiun  velocity,  when  the  plane, 
owing  to  its  inertia,  is  moving  faster  than  the  wind,  the  front  edge 
of  the  plane  must  be  elevated.  Thus  the  vertical  component  of  the 
wind  pressure  as  it  strikes  the  oblique  plane  tends  in  both  cases  to 
give  it  a  vertical  upward  thrust.  So  long  as  this  thrust  is  in  excess 
of  the  weight  to  be  lifted,  the  plane  wll  rise.  The  rate  of  rise  will 
be  greatest  at  the  beginning  of  each  period,  when  the  relative  velocity 
is  greatest  and  will  diminish  as  the  resistance  produces  "drift," 
i,e,,  diminishes  relative  velocity.  The  curved  line  OB,  Fig.  23, 
represents  a  typical  path  of  the  plane  under  these  conditions. 

It  follows  from  the  diagram.  Fig.  22,  that,  other  things  being 
equal,  the  more  frequent  the  wind's  pulsations,  the  greater  will  be 
the  rise  of  the  plane;  for  since  during  each  period  of  steady  wind 
the  rate  of  rise  diminishes,  the  more  rapid  the  pulsations,  the  nearer 
the  mean  rate  of  rise  will  be  to  the  initial  rate.  The  requisite  fre- 
quency of  pulsations  is  also  related  to  the  inertia  of  the  plane,  for 
the  less  the  inertia,  the  more  frequent  must  be  the  pulsations,  in 
order  that  the  plane  shall  not  lose  its  relative  velocity. 

Soaring.  It  is  ob\ious  that  there  is  a  limit  of  weight  which 
can  not  be  exceeded  if  the  body  is  to  be  sustained  by  any  such  fluctua- 
tions of  velocity  as  can  be  actually  experienced.  Above  this  limit 
of  weight  the  body  will  sink.  Below  this  limit,  the  lighter  the  body 
is,  the  higher  it  will  be  carried,  but  with  increasing  variability  of 
speed.  That  body,  then,  which  has  the  greatest  weight  per  unit  of 
surface  will  soar  with  the  greatest  steadiness,  if  it  soar  at  all,  not 
on  account  of  its  weight,  per  se,  but  because  the  weight  is  an  index 
of  its  inertia. 

The  student  who  will  compare  the  results  of  experiments  made 
with  any  artificial  flying  model,  like  those  of  Penaud,  with  the  weigjite 
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of  the  soaring  birds,  as  given  in  the  tables  by  Mouillard,  or  other 
authentic  sources,  can  not  fail  to  be  struck  with  the  great  weight  in 
proportion  to  wing  surface  which  Nature  has  given  to  the  soaring 
birds,  compared  with  any  which  man  has  been  able  to  imitate  in 
his  modek. 

Thi3  great  weight  of  the  soaring  bird  in  proportion  to  its 
vv\ng  area  has  been  again  and  again  noted,  and  that  without  weight 
the  bird  could  not  soar  has  been  frequently  remarked  by  writers 
who  felt  that  they  could  very  safely  make  such  a  paradoxical  state- 
ment in  view  of  the  evidence  nature  everywhere  gave  that  this 
weight  was  in  some  way  necessary  to  rising.  But  these  writers  have 
not  shown,  so  far  as  I  remember,  how  this  necessity  arises,  and  this 
is  what  I  now  endeavor  to  point  out. 

The  evidence  that  there  is  same  weight  which  the  action  of  the 
wind  is  sufficient  to  sustain  permanently  under  these  conditions  in  a 
free  body,  has  a  demonstrative  character.  It  is  obvious  that,  if  this 
weight  is  sustainable  at  any  height,  gravity  may  be  utilized  to  cause 
the  bodv  to  descend  on  an  inclined  course  to  some  distance.  This 
is  now  a  matter  of  such  common  experience  that  PVcnch  aviators 
term  it  volplane,  the  action  itself  already  having  been  anglicized  as 
** volplaning."  Seventeen  years  after  Langley  wrote  it,  Drexel  gave 
a  striking  example  of  its  truth  by  volplaning  from  a  height  of  more 
than  9,000  feet,  reaching  the  earth  at  a  point  15  miles  distant. 

We  have  already  seen  how  pulsations  of  sufficient  amplitude 
and  frequency,  of  the  kind  which  present  themselves  in  nature,  may, 
in  theorj',  furnish  energy'  sufficient  not  only  to  sustain  but  actually 
to  elevate  a  heavy  body  moving  in  and  with  the  wind  at  its  mean 
rate.  It  is  easy  now  to  pass  to  the  practical  case,  exemplified  by  the 
bird,  which,  soaring  on  rigid  wings,  but  having  power  to  change  its 
inclination,  uses  the  elevation  thus  gained  to  move  against  the  wind 
\i'ithout  expending  any  sensible  amount  of  its  own  energy.  Here 
the  upward  motion  is  designedly  arrested  at  any  convenient  stage. 
I.e.,  at  each  alternate  pulsation  of  the  wind,  and  the  height  attained 
is  utilized  so  that  the  action  of  gravity  may  carry  the  body  by  its 
descent  in  a  curvilinear  path,  if  necessary,  against  the  wind. 

Whether  or  not  many  of  the  early  fatalities  were  due  to 
"pockets,"  or  "holes,"  in  the  air,  as  they  came  to  be  popularly 
termed,  will  never  be  known,  but  the  fact  that  the  atmosphere,  (>AivdL^ 


48  THEORY  OF  AVIATION 

instead  of  being  a  homogeneous  current  of  air,  the  character  of 
which  may  be  depended  upon,  is  a  complex  mass  of  points  of  high 
and  low  velocity  or  none  at  all^  is  an  element  that  must  be  con- 
tended with  by  every  aviator.  Unlike  the  sailor,  he  cannot  see  an 
unusual  wave  coming,  nor  can  he  determine  deeps  and  shallows  by 
the  appearance  of  the  surface. 

Effect  of  Eddies  and  Waves.  On  an  open  plain  of  consider- 
able extent,  such  as  that  at  which  the  aviation  meets  at  Rheims 
were  held,  there  is  nothing  to  interfere  with  the  wind  and  it  blows 
more  steadily,  though  as  Langley  has  pointed  out,  the  existence 
of  swirls  and  eddies  in  the  wind  is  independent  of  the  influence  of 
obstructions.  Is  is  well  known,  however,  that  the  presence  of 
obstructions  gives  it  a  totally  different  and  far  more  dangerous  char- 
acter. Where  there  are  hills,  banks,  and  trees  all  around,  the  wind, 
even  when  blowing  moderately,  comes  in  dangerous  waves,  swirls, 
and  eddies,  just  like  the  eddies  and  whirlpools  in  a  stream  that 
has  rocks  or  other  obstructions  to  impede  the  flow  of  the  water. 

To  properly  understand  the  effect  of  these  waves  and  eddies 
on  an  aeroplane,  the  theory  of  the  flight  of  the  latter  must  be 
borne  in  mind.  The  machine  is  sustained  in  the  air,  because  the 
speed  at  which  it  is  driven  produces  a  pressure  under  its  support- 
ing surfaces  exceeding  its  total  weight;  hence,  the  pressure  lifts  it. 
If  driven  faster,  the  pressure  is  increased  and  its  sustaining  power 
is  greater;  if  driven  slower,  this  is  decreased  and  the  machine  tends 
to  fall.  For  example,  if  a  machine  be  capable  of  a  speed  of  40 
miles  an  hour,  this  represents  a  close  approximation  of  its  critical 
speed — in  other  words,  it  must  fly  that  fast  or  not  at  all.  By  speed- 
ing up  the  motor,  it  may  be  able  to  fly  a  few  miles  an  hour  faster, 
but  it  cannot  fly  much  slower  and  still  sustain  itself  in  the  air — ^in 
the  case  of  the  40-mile-an-hour  machine,  probably  not  much  less 
than  34  miles  an  hour. 

Owing  to  its  y/eight,  ranging  from  500  pounds  in  the  case  of  a 
small  monoplane  |ip  to  more  than  two  tons  for  some  of  the  largest 
biplanes,  the  ineHia  due  to  the  high  speed  is  very  great,  and  the 
machine  will  accordingly  not  change  its  rate  of  travel  suddenly. 
Therefore,  assnme  a  machine  flying  at  40  miles  per  hour  over  the 
ground  in  a  gentle  wind,  and  suppose  that  a  gust  traveling  10 
miles  an  h^ur  faster  than  the  wind,  against  which  it  has  been 
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goingy  strikes  it.  The  machine  cannot  slow  down  but  simply 
charges  into  that  gust  at  40  miles  an  hour.  Consequently,  the 
pressure  on  the  wings  is  increased  and  the  machine  rises  exactly 
as  the  soaring  birds  do  under  similar  conditions.  But  consider 
the  effect  of  opposite  conditions.  Assume  the  machine  to  have 
reduced  its  speed  in  relation  to  the  earth,  so  as  to  get  to  its 
proper  fl.ving  speed  in  relation  to  that  gust  of  wind.  Presently, 
it  goes  right  through  that  gust  and  into  the  lull  on  the  other 
side,  just  as  a  boat  rides  over  a  wave  and  falls  into  the  trough 
between  the  waves.  Now  it  is  flying  too  slowly  for  the  area  of 
comparative  calm  that  follows  the  gust;  the  pressure  is  decreased 
and  with  it  the  lift,  so  that  the  machine  drops— if  not  very  high 
it  may  strike  the  ground,  as  has  often  been  the  case.  If  high,  it 
merely  drops  until  it  picks  up  its  normal  speed  again  and  increases 
the  pressure  accordingly. 

Relative  Speed  of  Wind  and  Aeroplane.  The  speed  of  a 
machine  through  the  air  has  little  to  do  with  its  speed  over  the 
ground.  The  important  thing  is  its  speed  with  relation  to  the 
wind  against  which  it  is  traveling — or  rather  attempting  to  travel 
would  be  better,  as  strikingly  illustrated  by  the  experience  of 
Johnstone  and  Hoxsey  trying  to  make  headway  against  a  gale  of 
wind  at  the  International  Meet  at  Belmont  Park.  The  wind 
was  blowing  40  to  50  miles  an  hour,  exceeding  the  speed  of  which 
the  Wright  biplanes  were  capable.  They  accordingly  simply  headed 
directly  into  the  wind  and  were  blown  backward  by  it,  at  times 
remaining  perfectly  motionless  in  the  air,  with  regard  to  the 
ground,  when  the  wind  and  the  thrust  of  the  propelkTs  equalized 
each  other,  gaining  a  little  at  each  lull,  and  losing  more  with 
each  stronger  gust,  Johnstone  traveling  more  than  40  miles  in  this 
manner,  while  Hoxsey  went  about  two-thirds  of  that  distance 
before  alighting.  Hence,  it  is  easy  to  appreciate  that  the  40-mile- 
an-hour  machine,  which  can  make  that  speed  in  still  air,  can 
travel  only  20  miles  an  hour  against  a  20-mile  wind  and  can 
travel  60  miles  an  hour  over  the  ground  with  a  20-mile  wind.* 

Assume  the  machine  to  be  flying  in  a  gusty  wind;  it  is  making 
40  miles  an  hour  and  is  in  a  gust  traveling  20  miles  an  hour.    The 

*  These  figures  afford  striking  evidence  of  the  incroni«(>  in  Hpt-o*!  of  tlio  »»roplnno  in  u  few 
years,  chiefly  due  to  the  war. — Ed. 
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biplane  is  going  60  miles  an  hour  and  will  accordingly  travel  through 
the  gust  in  a  short  time  into  slower  air,  traveling  at,  say,  10  miles 
an  hour.  The  machine  is  then  going  60  and  the  wind  only  10  miles, 
so  the  machine  is  going  50  miles  an  hour  faster  than  the  air  when  it 
should  be  going  only  40.  Consequently,  the  pressure  under  the  planes 
increases;  the  machine  rises  suddenly  till  the  rush  of  the  extra 
momentum  is  expended;  and  then  settles  down  to  its  proper  speed  of 
40  miles  an  hour  through  the  wind,  plus  the  10-mile-wind  speed, 
which  makes  50  miles  an  hour. 

Then  the  machine  runs  through  the  slow  wind  and  overtakes 
another  patch  traveling  at,  say,  20  miles  an  hour.  This  time  the 
machine  is  doing  50  miles  an  hour,  and  only  30  an  hour  more  than 
the  wind,  which  is  not  enough  to  keep  it  in  the  air,  so  the  whole 
machine  falls  until  the  thrust  of  the  propellers  has  given  it  sufficient 
speed  to  pick  up  the  extra  10  miles  an  hour  required  to  attain  it» 
critical  speed  of  40  miles  an  hour,  and  by  that  time  it  will  be  going 
60  miles  an  hour  over  the  ground  again. 

Certain  Effects  on  the  Wind.  Another  important  thing  to 
understand  is  the  effect  of  different  obstructions  on  the  wind.  A 
wind  blowing  against  a  hillside  is  bound  to  blow  up  along  its  sides 
and  the  wind  next  to  the  ground  will  be  compressed  by  the  other 
wind  meeting  it,  so  that  when  it  gets  to  the  top  of  the  hill  it  will 
expand,  and  some  of  it  will  blow  level  along  the  top  of  the  hill  and 
some  of  it  will  continue  to  rise.  An  aeroplane  falling  off  the  top  of 
such  a  hill — the  bow  of  a  war  vessel,  as  an  example — would  be  lifted 
quite  easily.  Again,  when  a  wind  strikes  a  cliff  face,  the  compression 
may  be  so  great  that  the  wind  will  rise  straight  up  and  curl  over, 
just  like  a  wave,  while  close  to  the  edge  there  might  be  no  wind  at  all. 
An  aeroplane  flying  in  such  a  wind  might  well  be  caught  in  the 
"curlover,''  and  dashed  to  the  ground;  but  if  it  got  as  far  as  the  edge, 
it  would  be  lifted  by  the  up-draft. 

Downward  drafts  also  occur  and  these  are  dangerous  to  aero- 
planes, because  if  the  pressure  suddenly  comes  from  above,  as  in 
flying  into  such  a  wind,  it  is  difficult  to  increase  the  speed  quickly 
enough  to  counteract  this  by  generating  sufficient  pressure  beneath 
the  planes.  Only  high  speed  and  a  powerful  motor  would  make  it 
possible.  The  commonest  kind  of  downniraft  is  formed  when  the 
mud  blowing  over  the  top  of  a  hill  finds  the  air  in  the  vall^  ftt  a 
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lower  pressure,  and  consequently,  owing  to  the  pressure  behind  it, 
swoops  down  into  the  valley.  A  less  common  kind  of  wind  is  met 
with  when  a  cold  wind  over  the  sea  descends  to  a  cliff  edge  to 
replace  air  that  is  being  drawn  away  to  fill  the  place  of  hot  air 
ascending  from  the  heated  earth  farther  inland.  This  is  the  phe- 
nomenon that  causes  sea  breezes  and  land  breezes  alternately  at 
different  times  of  the  day. 

This  uncertain  character  of  the  atmosphere — ^the  sudden  and 
extreme  variations  in  the  speed  of  the  wind  and  frequently  in  its 
direction  as  well,  is  something  for  w^hich  the  aviator  has  to  be 
constantly  on  the  alert.  It  is  one  of  the  chief  reasons  why  it  is 
safer  to  fly  at  a  height  than  comparatively  near  the  ground. 

AERODYNAMIC  RESEARCH 

Value  of  Laboratory  Experiments.  There  is  yet  so  much  to 
be  learned  regarding  atmospheric  laws  and  their  influence  upon 
flight,  that  well-equipped  experimental  laboratories  are  indispen- 
sably necessary  to  the  further  progress  of  a\'iation.  Just  as  the 
initial  success  of  the  Wright  Brothers  was  the  culmination  of  years 
of  scientific  research  which  demonstrated  the  worthlessness  of 
many  theories  that  for  years  previous  had  been  regarded  as  well 
established,  so  the  development  of  the  future  will  be  the  result  of 
consistently  carried  out  lines  of  investigation  rather  than  the  out- 
come of  chance  discovery.  The  practical  use  of  the  aeroplane  in 
the  hands  of  such  a  large  number  of  aviators  will  undoubtedly  lead 
to  improvement  in  construction  and  design,  but  for  that  thorough 
knowledge  of  the  principles  w-hich  is  essential  to  increased  efficiency 
and  finaUty  in  design,  we  must  look  to  the  scientist  and  his 
laboratory. 

EARLY  RESEARCHES 

Eiffel  Aerodynamometric  Laboratory.  Gustave  Eiffel,  the  builder 
of  the  well-known  Eiffel  Tower  at  Paris,  has  carried  out  a  long  series 
of  experiments  of  considerable  value,  and  the  Eiffel  Aerodynamo- 
metric Laboratory  is  probably  the  most  important  in  France,  where 
aviation  long  since  reached  the  status  of  an  industry. 

Wind  Pressure  Experiments.  IVI.  Eiffel  undertook  to  procure  accu- 
rate data  oonoeming  wind  pressures^  in  1 903.    From  the  first  pVallotm 
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){ the  tower  was  suspended  a  steel  cable,  increasing  in  diameter  as 

It  approached  the  bottom.    A  device,  designed  to  be  dropped  along 

this  cable,  was  carried  on  a  frame  with  two  powerful  vertical  leaf 

springs  fixed  to  the  halves  of  two  sleeves,  placing  the  latter  under 

considerable  pressure.    Wood  liners  were  inserted  in  the  sleeves  so  that 

when  the  apparatus  reached  the  cylindrical  part  of  the  cable>  the 

corneal  section  spread  the  sleeves  against  the  pressure  of  the  springs, 

which  exerted  an  effective  braking  effort.  The  frame  carries  a  recording 

dnmi  rotated  by  a  worm  shaft  actuated  by  a  friction  roller  on  the 

cable.    The  plane  to  be  tested  was  fixed  to  the  lower  part  of  a  stem 

free  to  move  upward  against  a  spring,  the  upper  part  of  the  stem 

earrjdng  a  needle  which  bore  against  the  drum.   This  heavy  apparatus 

dropped  from  a  height  of  377  feet,  and  during  31 1  feet  of  its  course, 

before  the  braking  action  began,  it  attained  a  velocity  of  131  feet 

per  second. 

The  air  resistance  expanded  the  accurately  calibrated  spring, 
causing  the  registering  needle  to  rise  on  the  drum,  which  rotated  at 
a  speed  proportionate  to  the  velocity  of  the  drop,  recording  the  air 
resistance  for  every  point  of  the  descent.  This  method  naturally  had 
its  limitations,  because  it  was  possible  to  ascertain  only  the  total 
resistance  offered  to  a  plane  when  falling  at  a  given  velocity.  Much 
interesting  data  was  obtained,  but  the  possibilities  of  the  apparatus 
were  soon  exhausted.  It  is  generally  conceded  that  more  practical 
results  are  obtainable  by  moving  the  surface  to  be  tested  through 
the  air,  thus  securing  conditions  more  closely  approaching  the  normal, 
but  there  are  so  many  difficulties  in  the  way  of  extending  this  line  of 
research  and  making  accurate  observations,  that  Eiffel  found  it  neces- 
sary- to  follow  the  lead  of  Maxim  and  other  experimenters  by  employ- 
ing stationary'  surfaces  in  a  current  of  air. 

In  order  to  obtain  accurate  data  in  this  manner,  the  plane  must 
be  in  a  cylinder  of  air  of  sufficient  diameter  to  avoid  influencing  the 
outer  stream  lines  by  its  pressure.  The  surface  tested  must  not  be 
too  small  and  it  was  found  that  the  diameter  of  tlie  air  current 
should  not  be  less  than  5  feet.  The  installation,  which  has  been  in 
use  for  some  time,  is  located  in  a  building  adjoining  the  Eiffel  Tower 
and  is  shown  in  section  in  Fig.  24.  It  consists  of  a  Sirocco  ventilator 
II  feet  in  diameter,  and  a  fan  G,  5  feet  0  inches  in  diameter,  \v\v\e\i, 
with  its  masonry  setting,  has  a  total  height  of  IS  feet.    The  veii\i- 
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lator  is  driven  by  a  "O-horse-powcr  electric  motor  H.  at  a  speed  of 
40  t(i  21)1)  r.p.iD.,  by  means  of  which  the  velocity  of  a  cylinder  of 
air  5  feet  in  diameter  mHy  be  varied  from  IG  to  fi5  feet  per  second. 
The  air  receiver  or  collector  If  ia  built  up  of  a  wood  frame  envemi 
with  rubber  ballimn  fabric;  its  largest  diameter  is  Id  feet  or  just 
double  the  aperture,  and  its  length  is  about  8  feet.    The  object  of 


H  this  collector  is  to  provide  a  slight  compression  of  the  air.  so  as  t 

^1  favor  the  regularity  of  the  stream  lines.     However,  if  the  air  ? 

^1  drawn  through  an  unobstructed  aperture,   the  horizontal  colui 

^B  would  be  broken  up  into  a  mass  of  whirls,  so  that  ta  obtain  perfcfJ 

^^k  parallel  stream  lines,  the  opening  is  titted  witli  a  grid  •/,  whi 

^H  shown  in  Fig.  2.5,  built  uj)  i>f  lliin  sheet  raetal  similar  to  a  honeycomh  ' 
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riiilifttor,  CBcli  cell  being  4  inches  square  by  10  incbes 
:     These  dimensions  were  not  based  upon  any  settled  data,  but 

■  ■  first  adcijitcd  fx[>erimen tally  and  retained  after  proving  satig- 

■  )ry  in  operation,  Oppdsite  tliis  grid  is  the  short  cone  F,  Fig.  24, 
itnd  the  opening  of  the  tunnel,  at  the  end  of  which  is  placed  the 
itilator.   the  distance  between  the  two  apertures  being  11   feet 


k inches.  It  was  noticed  at  first  that  the  air  broke  up  into  whirls 
imcdintely  in  front  of  the  aperture  so  that  it  was  covered  with  a 
win;  netting  having  a  mesh  of  .39  inch,  another  wire  netting  being 
pl«(xd  about  3  feet  in  the  tunnel.  \Vith  this  arrangement,  the  air 
rent  is  so  perfectly  cylindrical  that  when  traveling  at  the  highest 
aiy  Uicre  is  not  tJie  slightest  draft  in  the  experimental  room. 
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This  room  CC  is  in  the  shape  of  a  T  with  one  part  parallel  to 
the  side  of  the  building.  It  contains  a  table  with  the  recording  instru- 
ments and  a  switchboard.  The  weighing  machine  E  for  measuring  the 
wind  pressure  is  on  a  platform  suspended  from  an  upper  story.  The 
plane  D  to  be  tested  is  attached  at  its  center  to  a  piece  hinging  on 
the  end  of  a  horizontal  rod,  Fig.  25,  and  is  also  attached  to  a  sliding 
piece,  shown  in  detail  in  Fig.  2(5,  capable  of  being  fixed  by  a  set  screw 

• 

a  few  inches  along  the  rod,  so  that  the  plane  can  be  turned  round  180 
degrees  and  fixed  in  any  position.  The  horizontal  rod  is  clamp>ed  in 
a  sleeve  at  the  bottom  of  a  vertical,  cast-steel  rod  contained  in  a 
copper  casing  of  larger  diameter,  and  presenting  a  beveled  edge  in 
the  axis  of  the  stream  lines,  so  as  to  offer  the  minimum  resistance. 
The  vertical  rod  is  bolted  to  the  platform  of  the  weighing  machine, 
which  is  carried  on  two  sets  of  knife-edges,  one  set  turned  downward 
and  the  other  upward.  This  is  necessary  for  measuring  the  pressure 
when  the  plane  is  inclined  up  or  down.  The  platform  is  made  to 
rest  on  one  or  the  other  of  the  knife-edges  by  shortening  or  lengthening 
the  rod  from  the  platform  to  the  cross  beam  by  means  of  a  cam, 
and  when  not  in  use  the  platform  is  raised  to  bring  the  knife-edges 
out  of  contact  with  the  grooves  by  a  lever  with  a  counterweight. 
This  weighing  machine,  which  was  constructed  especially  for  the 
installation,  is  sensitive  to  half  a  gramme. 

In  testing  a  plane,  the  equilibrium  is  obtained  by  weighting  the 
balance  with  the  knife-edges  alternately  in  their  grooves,  before  the 
air  current  is  passed  through  the  experimental  room.  The  latter  is 
then  traversed  by  a  current  of  given  velocity,  determined  by  the 
speed  of  the  ventilator,  as  regulated  by  the  rheostat.  This  velocity 
is  gauged  by  a  manometer  communicating  between  the  air  current 
and  the  still  air  of  the  outer  shed,  and  also  by  a  Pitot  tube  placed 
in  the  current  and  connected  with  a  manometer  which  also  com- 
municates with  the  still  air.  Results  are  further  verified  by  various 
anemometers  and  the  ditt'erences  between  the  two  are  so  small  as  to 
be  inappreciable  from  the  viewpoint  of  general  results. 

Having  ascertained  the  air  velocity,  the  balance  is  again  weighted 
with  the  knife-edges  in  contact,  first  on  one  side  and  then  on  the 
other,  and  the  plane  is  then  turned  180  degrees,  when  the  equilibriimi 
is  effected  on  the  corresponding  edges.  These  operations  provide 
three  equations  for  determining  the  total  pressure,  the  direction,  and 
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the  cento  of  pressure.  Another  method  of  determining  the  center  of 
pressure  consists  in  placing  the  plane  vertically  between  the  points 
of  two  rods,  the  ends  of  the  plane  being  drilled  so  that  it  may  be 
lieki  in  any  poation.  Hie  plane  is  secured  by  a  clip  on  the  lower 
rod,  to  which  is  fixed  a  circular  plate  of  wood  vnth  the  angles  marked 
on  the  edge  and  corresponding  with  marks  on  the  fixed  frame.  \Mien 
exposed  to  the  air  current,  the  plane  pivots  round  more  or  less, 
according  to  its  cur\'ature,  and  the  angle  is  read  off  to  give  its  center 
of  pressure.  This  method  might  be  expected  to  lack  precision,  but 
the  results  agree  with  those  provided  by  the  weighing  madiine. 

For  ascertaining  the  wind  pressure  at  different  parts  of  the 
plane,  the  instruments  employed  are  a  Pitot  tube  and  a  Schultze 
micromanometer,  and  it  is  mounted  on  a  frame  sliding  on  rails  to 
allow  of  its  being  brought  in  front  of  the  aperture.  Any  desired 
inclination  is  obtained  by  means  of  \iires,  and  the  plane  itself  is 
drilled  with  a  number  of  holes  which  are  filled  with  screws  flush 
^•ith  the  surface.  At  the  point  where  it  is  desired  to  ascertain  the 
pressure,  the  screw  is  removed  and  replaced  by  a  threaded  plug.  On 
the  side  subjected  to  the  \iind  pressure  the  plug  is  flush  with  the 
surface,  while  on  the  other  side  it  carries  a  rubber  tube  connected 
^-ith  the  micromanometer.  The  pressure  can  thus  be  obtained  at 
any  point  on  either  side  of  the  plane.  Highly  interesting  data  have 
been  obtained  with  this  apparatus,  and  as  evidence  of  the  accuracy 
of  the  method  it  may  be  mentioned  that  the  sum  of  the  pressures 
obtained  over  the  surface  corresponds  exactly  with  the  total  given 
by  the  weight  bridge.  It  is  thus  possible  to  obtain  the  center  of 
pressure,  the  total  pressure,  and  the  pressure  at  any  given  point  on 
either  side  of  the  plane.  Another  valuable  factor  is  the  disturbance 
of  the  stream  lines  caused  by  the  presence  of  the  plane.  This  is 
ascertained  by  attaching  light  filaments  to  the  plane  or  to  fine  wires, 
and  by  obser\'ing  their  movements  it  is  possible  to  sketch  plans  of 
the  air  whirb  around  and  behind  the  plane. 

It  is  sometimes  argued  that  experiments  \^nth  a  fixed  surface  in 
a  current  of  air  have  little  practical  value  for  purposes  of  aviation, 
for  the  reason  that  these  conditions  are  contrary  to  those  governing 
the  flight  of  aerot>lanes.  The  experiments  are  carried  out  under  one 
of  many  conditions,  and  this  one  is  met  with  only  when  the  aero- 
plane is  at  a  standstiU  against  the  wind.    It  is  obvious,  however , 
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that  this  one  condition  constitutes  the  basic  principle  of  flight,  and 
no  other  factor  can  be  introduced  beyond  providing  devices  for 
gi\'ing  stability  to  the  machines.  Confirmation  of  this  is  to  be 
found  in  the  fact  that  the  Eiffel  tests  have  demonstrated  that  the 
best  compromise  between  lift  and  resistance  lies  in  a  flattened  curve 
similar  to  that  adopted  by  certain  aeroplane  makers  after  years  of 
costly  experimenting. 

Aerodynamic  Laws  and  Equations.  These  small-scale  experi- 
ments in  most  cases  have  been  performed  with  great  care  and 
refinement,  and  from  their  results  there  have  been  established  the 
following  empirical  and  fundamentally  important  laws  and  equa- 
tions: 

(1)  The  air  pressure  on  any  plane  or  shape  varies,  within  the 

range  of  speed  used  in  flight,  substantially  as  the  square  of  the 

velocity  and  directly  as  the  size  of  the  surface.     P^or  the  simplest 

case — a  flat  plane  placed  normal  to  the  air  stream — ^the  air  pressure 

P  mav  be  expressed  as 

P=KAV^ 

in  which  ^1  is  the  surface  area;  I'  is  the  velocity  of  the  mo\'ing 
air  against  the  fixed  surface,  or  conversely,  of  the  moving  surface 
against  still  air;  and  X  is  a  numerical  constant  or  coefficient,  the 
mean  value  of  which  may  be  taken  as  .003  when  A  is  expressed  in 
square  feet  and  V  in  miles  per  hour.  The  methods  employed  in 
finding  this  and  the  various  values  given  it  by  different  investiga- 
tors have  already  been  mentioned.  This  is  an  empirical  relation, 
derived  from  the  results  of  the  numerous  experiments  in  question, 
and  upon  it  is  based  practically  all  the  theory  of  aerodjiiamics  that 
finds  application  in  actual  practice. 

(2)  Air  passing  a  surface,  or  conversely,  a  surface  moving 
throiigh  air,  causes  a  frictional  drag  on  the  surface  which  varies 
alniost  as  the  square  of  the  velocity  and  directly  as  the  length  of 
the  surface. 

.'■  (3)  The  pressure  on  an  inclined  flat  plane  varies  with  the 
angle  of  inclination  to  the  air  stream  but  bears  a  fixed  relation  to 
the  pressure  on  the  same  plane,  when  placed  normal  to  the  air 
stream.  If  it  be  assumed  that  P  is  normal  pressure  and  Pi  is 
pressure  acting  on  a  plane  when  it  is  inclined  below  normal  at  an 
angle  a  above  the  horizontal,  then  this  fixed  relation  between  P 
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and  Pi  may  be  expressed  as 

p  ^p_  2  sin  a 
1+sin^  a 

This  is  known  as  DxichemMs  formula  and  has  been  verified 
again  and  again  by  actual  laboratory  experiments  on  small  flat 
planes,  the  Wright  Brothers  stating  that  after  having  attempted  to 
verify  all  the  old  formulas  they  found  in  existence  at  the  time 
of  beginning  their  experiments,  their  investigations  showed  that 
this  was  practically  the  only  one  of  its  kind  of  any  value.  A  very 
simple  approximate  relation  suggested  by  Eiffel  is  P  =  Pi^.  The 
normal  pressure  P  may  be  determined  for  any  plane  at  any 
velocity  by  the  relation  of  P=  KAV^,  this  pressure  being  gradually 
reduced  as  the  plane  is  inclined  to  a  value  Pi,  corresponding  to 
that  angle  of  inclination. 

(4)  The  pressure  on  arched  planes  is  much  greater  than  on 
flat  planes  and  may  be  equated  to  the  value  of  the  pressure  on 
a  flat  plane  of  larger  area.  Whereas  on  inclined  flat  planes  the 
pressure  Pi  is  always  perpendicular  to  the  plane,  on  inclined 
curved  planes  at  low  angles  Pi  is  inclined  in  front  of  the  perpen- 
dicular to  the  chord  of  the  plane.  Unlike  flat  planes,  the  pressure 
on  cur\'ed  planes  cannot  be  reduced  to  an  intelligible  formula  and, 
therefore,  in  order  to  determine  the  pressure  on  curved  planes, 
resort  must  be  had  to  tables  of  air  pressures  obtained  from  tables 
of  actual  measurements  on  test  surfaces  and  not  to  any  formulas 
based  on  such  measurements.  The  pressure  Pi  on  curved  planes 
b  usually  tabulated  as  some  percentage  of  the  normal  pressure  P. 
It  is  in  the  determination  of  the  pressures  on  curved  surfaces  that 
the  results  of  aerodynamical  experiments  on  small  surfaces  have 
been  of  the  greatest  value  in  aeroplane  design.  Lilienthal,  Wright, 
Prandtl,  Eiffel,  Maxim,  and  Stanton  have  all  made  determinations 
for  curved  planes  that  have  found  wide  practical  application. 

(5)  On  curved  planes  as  well  as  on  flat  planes,  the  total 
pressure  Pi,  acting  on  the  plane  when  the  latter  is  inclined  at  an 
angle  a,  may  be  resolved  into  a  vertical  component  L  and  a  hori- 
zontal component  D,  The  component  L  is  termed  the  lift  and  is 
equal  to  the  weight  of  the  aeroplane,  while  I)  is  termed  the  drift 
and  is  the  dynamic  resistance  to  motion  overcome  by  the  thrust 
of  the  propeller. 
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(6)  On  curved  planes,  as  the  depth  or  amount  of  curvature  or 
arching  is  increased,  the  drift  resistance  increases;  in  other  words, 
flatter  planes  have  less  resistance  than  more  highly  arched  surfaces, 
this  being  illustrated  by  the  use  of  very  fli^t  planes  in  high-speed 
machines.  The  experimental  results  of  Professor  Prandtl  of  Got- 
tingen  are  particularly  definite  on  this  point. 

(7)  On  curved  planes,  as  the  aspect  ratio,  or  ratio  of  span  of 
plane  to  chord,  is  increased,  the  lift  increases  greatly  for  the 
same  area.  Both  Eiffel  and  Prandtl  have  amply  verified  this, 
and  it  is  one  of  the  most  essential  points  of  successful  aeroplane 
design. 

(8)  Experiments  show  that  on  a  plane  there  exists  a  point  at 
which  all  the  pressures  on  the  plane  may  be  considered  as  concen- 
trated without  disturbing  the  equilibrium.  This  center  of  action 
of  the  forces  is  termed  the  center  of  pressures.  On  flat  planes,  the 
center  of  pressure  moves  steadily  forward  from  the  center  of  the 
plane  to  a  point  near  the  front  edge,  as  the  plane  is  inclined  from 
the  normal,  or  90-degree,  position  to  zero,  or  horizontal.  On  curved 
planes  a  totally  different  action  is  observed.  The  center  of  pres- 
sure moves  steadily  forward  from  the  center  of  figure  to  a  point 
about  one-third  the  width  of  the  plane  from  the  front  edge,  as  the 
inclination  is  reduced  from  90  degrees  to  15  degrees,  but  at  this 
point  it  turns  abruptly  and  moves  rapidly  to  the  rear,  passing  the 
center  of  figure  at  about  5  degrees. 

(9)  Experiments  in  aerodynamic  laboratories  have  further 
enabled  forms  of  least  resistance  to  motion  to  be  determined  and 
show  what  kind  of  torpedo  or  fusiform  shapes  give  the  least  dis- 
turbance of  the  air  streams. 

(10)  Experiments  on  propellers  have  added  inunensely  to  the 
knowledge  of  this  branch  of  aerodynamics  and  have  enabled  air  pro- 
pellers to  be  designed  that  give  a  higher  efficiency  than  is  obtained 
in  marine  practice.  The  French  propeller  manufacturing  companies 
have  had  extensive  and  elaborate  experiments  conducted  with  full- 
size  propellers  and  have  used  the  results  to  great  advantage. 

(11)  The  experimental  photographing  of  the  action  of  air 
streams  on  different  planes  and  shapes  has  been  a  valuable  contri- 
bution to  aerodynamics  and  holds  promise  of  becoming  a  field  of 
much  larger  results  within  the  next  few  years. 
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The  foregoing  are  the  fundamental  qualitative  results.  In  many 
cases,  the  values  of  different  experimenters  for  the  same  thing  show 
wide  variations.  In  determinations  of  the  constant  Ky  for  example, 
as  already  referred  to  in  detail,  various  widely  differing  values  have 
been  obtained  and  many  other  differences  are  founds 

EXPERIMENTAL  RESEARCHES  ON   RESISTANCE  OF  AIR* 

Reactions  Exerted  by  Air — Body  Movable.  ^Vhen  a  body  is  in 
movement  relative  to  the  air  with  which  it  is  surrounded,  it  is 
subject  to  a  system  of  forces  known  as  reactions  exerted  on  the 
body  by  the  air.  These  reactions  are  variable,  especially  as  regards 
the  form  of  the  body,  the  position  which  it  occupies  in  relation  to 
the  surrounding  medium,  the  various  circumstances  of  its  move- 
ment (time  elapsed  from  the  origin  of  the  movement  to  present 
moment — velocity  relative  to  the  air),  and  finally  the  mass  of  the 
fluid  which  surrounds  the  body  in  movement.  In  as  much  as  only 
some  of  these  problems  have  been  fully  worked  out,  the  difficulties 
presented  by  all  of  them  are  not  developed  in  detail  here.  Instead, 
only  the  case  of  a  body  surrounded  completely  by  a  great  mass  of 
air,  relative  to  which  it  has  a  movement  established  a  long  time 
pre\'iously  and  of  which  the  velocity  and  direction  are  constant 
and  readily  determined,  will  be  considered. 

Reductions  oj  Reacfioths.  The  reactions  exerted  by  the  air  on 
the  body  in  movement  relative  to  it  are  reduced  to  a  force  and  a 
couple.  It  will  be  assumed  that  the  body  experimented  with 
possesses,  at  least,  a  plane  of  symmetry  thus  eliminating  the 
couple  from  the  reactions  of  the  air  and  reducing  them  to  a  single 
force  which  is  known  as  resistance  of  the  air  on  the  body  in  move- 
ment relative  to  it. 

When  the  movement  of  the  body  relative  to  the  air  which 
surrounds  it  is  considered,  there  is  in  view  not  only  a  movement  of 
translation,  but  also  a  movement  of  simple  rotation,  and  likewise 
a  movement  of  rotation  combined  with  a  movement  of  translation; 
in  other  words,  the  appended  study  covers  the  problem  of  the  j)ro- 
peller  as  well  as  that  of  the  wings  of  an  aeroplane. 

Method  of  Producing  Movement.  Body  Moving  with  Air  at 
Rest.    Various  experimental  methods  may  be  utilized  to  produce 

* Ezeerpt#  f rom  Annual  Report  Nationul  Advitwry  Committee  uu  Aorunuutics  (France). 
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the  movement  of  a  body  in  reference  to  free  air.  In  an  indefinite 
mass  of  air,  at  rest  as  a  whole,  the  following  types  of  movement 
may  be  given  to  the  body: 

(1)  A  movement  of  rectilinear  translation 

(2)  A  movement  of  rotation  about  the  axis  of  a  mechanism 

(3)  An  oscillating  movement,  as  in  the  case  of  a  pendulum 

The  methods  utilizing  some  form  of  mechanism  or  requiring 
the  aid  of  a  pendulum  have  been  employed  but  little  in  France 
and  special  reference  to  them  is  omitted.  The  method  emplovnng 
the  motion  of  translation  may  be  applied  in  two  forms: 

(1)  The  body  is  allowed  to  fall  freely  in  air  that  is  as  calm  as  possible 

(2)  The  body  is  carried  on  some  form  of  car,  which  is  moved  in  calm  air 

In  France,  the  method  of  free  fall  has  given  rise  to  important 
investigations  made  by  M.  M.  Cailletet  and  Colardeau  and  espe- 
cially by  M.  G.  Eiffel.  The  method  employing  a  car  is  now  utilized 
by  the  Aerodynamic  Institute  of  Saint-Cyr,  at  the  laboratory  of 
military  aerostation  of  Chalais-Meudon,  and  also  by  M.,  the  Duke 
of  Guiche.  At  Chalais-Meudon  and  Saint-Cyr,  the  car  consists  of 
a  carriage  moving  on  rails.  M.  de  Guiche  employs  an  automobile 
as  a  carrier.  A  variation  of  the  car  method  has  been  installed  at 
the  laboratory  of  military  aviation  at  Vincennes.  A  small  sus- 
pended car,  to  which  are  hung  the  objects  to  be  attached  and  the 
necessary  instruments,  travels  along  a  tightly  stretched  cable. 

The  dimensions  of  the  bodies  on  which  the  experiments  are 
carried  out  may  be  similar  to  those  utilized  in  practical  aviation. 
In  other  words,  it  is  possible  to  experiment  with  planes  and  equip- 
ment of  full  size  or,  at  least,  of  dimensions  differing  but  little  from 
those  actually  in  use.  From  this  point  of  view,  the  method  by 
displacement  through  the  air  opens  up  a  field  of  investigation 
much  more  extended  than  that  method  in  which  an  artificial 
current  of  air  is  employed,  that  is,  the  wind  tunnel. 

Artificial  Air  Current  xcith  Body  at  Rest,  It  is  apparent  that 
it  is  also  possible  to  bring  about,  in  an  entirely  different  manner, 
the  relative  movement  of  a  body  through  the  air.  Instead  of 
moving  the  body  under  test,  a  fixed  position  is  given  to  it  and  an 
artificial  current  of  air  created  about  it.  The  body  may  then  be 
disposed  in  the  free  air  in  front  of  the  orifice  through  which  the 
current  enters  under  control  by  means  of  suitable  devices.    This 
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nethod  has  been  employed  by  M.  Rateau.  The  body  experimented 
irith  may  also  be  placed  in  an  inclosure  or  integral  part  of  the 
ipparatiis  for  the  regulation  of  the  current  of  air.  It  may  be 
placed,  for  example,  in  a  part  of  a  large  cylindrical  chamber  through 
B^hich  is  passing  a  current  of  air;  this  current  is  produced  by  a 
blower  and  its  direction  at  a  certain  distance  from  the  walls  has 
been  rendered  sensibly  parallel  to  the  cylinder.  This  method  may 
also  be  subject  Uy  certain  variations. 

(1)  Only  the  body  under  investigation  Ls  placed  in  the  inclosure  in  the 
interior  of  which  the  artificial  current  of  air  is  produced.  The  apparatus  for 
meaimring  the  reactions  of  the  air  are  on  the  exterior  of  this  inclosure  with 
iiuitable  connections  to  the  interior  through  its  walls.  Tliis  is  known  us  the 
wind-tunnel  method,  and  it  has  not  been  largely  employed  in  Franc(\  Com- 
plete equipment  of  this  kind  has  been  installed  at  the  Aerodynamic?  Institute 
of  Saint-C>T,  but  its  use  has  been  discontinued  owing  to  the  war. 

(2)  The  apparatus  employed  for  determining  the  circulation  of  the  air  is 
enlarged  into  a  chamber  of  suitable  size,  traversed  between  two  of  its  parallel 
iralls  by  a  cylinder  of  moving  air.  On  the  outside  of  the  latter  and  within 
the  chamber  are  located  the  experimenters  with  the  necessary  instruments. 
This  is  termed  the  Eiffel  method,  and   it   has  boon  larRoly  used   in   Franco. 

From  the  point  of  view  of  convenience  in  carrying  on  the 
experiments,  especially  in  large  numbers,  the  method  using  an 
artificial  current  of  air  is  superior  to  the  method  by  displacement  in 
free  air.  The  latter  demands,  in  fact,  that  the  air  shall  be  as 
calm  as  possible.  This  condition  can  be  realized  only  on  certain 
days  and  then  only  for  certain  hours  of  a  given  day.  Due  allow- 
ance might  be  made  for  the  wind,  if  along  the  right-line  path  of 
the  body  under  investigation  it  should  have  throughout  the  same 
intensity  and  the  same  direction,  but  many  investigators  have 
sho^Ti  that  at  any  given  point  in  the  air  the  wind  is  frequently 
subject  to  changes  in  intensity  and  direction.  (Langley*s  early 
experiments  brought  this  out  very  strikingly.) 

Restriction  to  Experimental  Models,  Even  though  it  allows 
the  experimenter  to  regulate  the  conditions,  the  method  utilizing 
an  artificial  current  of  air  can  be  applied  only  to  models  which  are 
very  much  reduced  in  size  as  compared  with  actual  machines. 
The  reason  for  this  limitation  is  made  plain  later.  But  the  ques- 
tion then  presents  itself:  How  may  the  results  obtained  in  the 
study  of  models  be  applied  to  aeroplanes  of  full  size?    WViat  \^ 
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the  law  of  similitude  which  makes  possible  the  transformation  of 
an  investigation  on  a  small  scale  to  corresponding  phenomena  on  a 
large  scale?    This  also  is  covered  fully  a  little  later. 

But  a  further  question  also  arises:  Do  the  methods  mentioned 
above,  viz,  the  displacement  of  a  body  under  investigation  and 
the  utilization  of  the  artificial  current  of  air  lead  to  the  same 
results?  M.  Eiffel  maintains  the  affirmative,  relying  upon  the 
principle  of  relative  movemient,  while  M.  de  Guiche  holds  that 
the  negative  is  true,  maintaining  that  the  tunnel  method  does  not 
fully  duplicate  the  conditions  necessary  to  permit  the  application 
of  such  a  principle.  In  connection  with  a  comparison  of  the  results 
obtained  by  the  experimenters  under  consideration,  this  is  taken  up 
again  later. 

Study  of  Aeroplanes  in  Free  Flight.  The  methods  that  have 
just  been  considered  require  that  the  body  under  investigation  be 
fastened  rigidly  to  a  support.  Under  favorable  conditions,  the  size 
of  this  support  is  made  as  small  as  possible  and  it  is  kept  as  far 
away  from  the  body  experimented  upon  as  it  can  be  conveniently, 
in  order  to  reduce  to  a  minimum  the  disturbance  it  would  other- 
wise set  up.  Nevertheless,  the  necessity  of  such  a  support  prevents 
an  exact  duplication  of  the  condition  of  free  evolution  in  the  open 
air.  For  this  reason,  investigations  have  been  undertaken  on  aero- 
planes in-free  flight,  though,  unfortunately,  the  field  of  such  investi- 
gations is  limited.  They  cannot  be  carried  out  to  their  logical  end 
since  the  pilot  must,  of  course,  guard  against  falling.  While  data 
of  considerable  practical  value  are  thus  obtained,  the  experiments 
frequently  give  complex  results  which  are  difficult  of  analysis.  Exper- 
iments of  this  character  were  first  undertaken  several  years  ago  by 
MM.  Gaudart  and  IvCgrand  with  a  Voisin  biplane.  However,  they 
were  neither  sufficiently  numerous  nor  systematically  followed  out 
to  a  point  where  significant  results  could  be  expected.  Several  other 
French  scientists  have  carried  similar  experiments  much  further, 
using  a  Bleriot  monoplane  and  a  Maurice  Farman  biplane,  in  con- 
nection with  ingenious  apparatus  capable  of  registering  the  move- 
ment of  the  pilot  and  furnishing  important  data  regarding  the 
operation  of  actual  equipment. 

Total  Resistance  of  Air.  To  return  to  the  methods  which  niay 
be  employed  to  determine  the  resistance  of  the  air  to  a  body  in 
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ment  relative  to  it  in  a  laboratory,  it  will  be  iippareiit  tliat 
i  may  lie  of  two  distinct  t,\'pes: 
ID  Drtrriniuiitiim  by  RieanB  iit  n  balnairi-  iif  the  t<)liJ  rmisluute  on  llie 
)  bully  iiniltT  invc«tiKalion. 
)  (2)  UrtpTtniimtiuii,  ul  euch  point  o(  the  body,  uf  Ihe  rcaoliini  exi-rlwl  by 
k  air  at  this  point — a  stiuly,  sunipwbat  topoKTuiihioal  ia  churact<:r,  uf  the 
e  rvEullinii:  from  the  relative  movement  of  the  body  and  the  air.  This 
■ligation  immediBlely  leoda,  through  a  geometrictil  (n>inpa(ution  uF  ihi- 
hjual  forces  IhuR  (ietcrmined,  to  a  knowlcidi^  of  the  total  ri^iatanrr'  of 
Ktr. 
ImfKirtaiit  results  have  been  obtained  with  the  balance  method 
JfQic  EilTe!  laboratory  and  at  the  Institute  of  Suint-Cyr,  while 
i,  tie  Giiiohe  has  applied  this  method  solely  to  the  analysis  of  the 
ributed  pressures.  In  brief,  the  foregoing  represents  a  classifica- 
l  of  the  experimental  methods  in  use  in  France,  the  scientists 
I  which  country  have  been  foremost  in  carrj-ing  on  aerodynamical 
■ch.  In  connection  with  a  description  of  the  French  aero- 
tiic  labor}! tories,  the  fundamental  principles  brought  out  in 
!  investigations  are  given  in  detail. 

Foreign  Experiments 
Eiffel  Tower  Experiments.     Study  of  Vinfomi  Movement  Follow- 
ing Varying  Moremcni.    The  Eitfel  Tower  was  the  first  laboratory 
employed  by  its  builder  in  his  researches  in  aerodynamics,  which 
have  extended  over  more  than  ten  years.     By  throwing  bo3ies  from 
one  of  the  platforms  of  the  tower,  a  study  of  free  fail  in  calm  air 
h-x^  be^n  made  po.ssibIe.     The  study  of  this  movement  consists  first 
iletermining  the  velocity  of  uniform  movement  which  succeeds 
.■    varying  movement.     To  this  velocity  corresponds  a  resistance 
:  <.hv  »ir  equal  to  the  weight  P  of  the  body.     By  augmenting  the 
'  liiht  of  the  body  without  changing  its  siu^ace,  as  by  the  addition 
!   suitable  ballast,  it  i.s  possible  to  increase  the  hmiting  uniform 
!iity  I*  of  movement.    The  comparison  of  the  different  values  of 
nilh  the  corresponding  values  of  V  provides  a  means  for  develop- 
.  It:  a.  law  of  variation  of  resistance  as  a  function  of  the  \'elocity. 
I'his  is  the  principle  of  the  method  applied  by  Cailletet  and  Colar- 
deau,  as  early  as  1892,  utilizing  the  second  platform  of  the  Eiffel 
towfr,  120  meters,  or  394  feet,  from  the  ground. 

Lileasuritiff  Vrlocity  and  Rfsixlunce.     in  addition  to  the  study 
IBt  p«rt  of  the  free  fall  that  corresponds  to  unifuna  movement, 
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Eiffel  registers  the  values  of  the  velocity  and  the  resistance  of  the 
air  at  each  instant  of  the  fall.  This  is  carried  out  as  follows: 
The  surface  under  investigation,  a  plane  for  example,  falls  freely, 
remaining  horizontal.  It  is  supported  by  a  spring  the  displace- 
ment of  which  is  inscribed  on  a  cylinder  revolving  with  a  velocity 
proportional  to  that  of  the  fall  of  the  body  under  investigation. 
The  compression  of  the  spring,  as  a  result  of  the  resistance  of  the 
air,  gives  rise  to  a  force  which,  by  suitable  calibration,  may  be 
determined  as  a  function  of  the  displacement  of  the  spring.  This 
force  produces  equilibrium  with  the  following  system  of  forces: 

(1)  The  weight  of  the  system 

(2)  The  forces  of  inertia  which  act  upon  it 

(3)  The  resistance  of  the  air 

It  then  becomes  possible  to  calculate  this  last  force  when  the 
acceleration  of  the  system  is  known.  This  is  determined  by  inscrib- 
ing,  with  the  aid  of  a  tuning  fork,  the  time  of  fall  on  the  same 
cylinder  on  which  are  already  recorded  the  various  compressions 
of  the  spring. 

In  a  series  of  experiments  in  which  the  weight  of  the  plate 
with  its  spring  and  support  were  4.494  kilos  (9.887  pounds),  the 
following  results  were  observed,  in  one  case  at  the  end  of  a  fall 
of  60  meters  (196.8  feet)  and  in  the  other  at  the  end  of  a  fall  of 
95  meters  (311.6  feet). 

At  the  aid  of  60  meters 

Force  of  inertia    3.76  kg. 

(absolute  value)      ^ 
Tension  of  spring  ^r        4.15  kg. 
Resistance  of  thenar        4.90  kg. 

Diff^nce         0.75  kg. 

At  the  end  of  05  meter  J 

Force  of  inerna    3.36  kg. 

(absolute  jalue) 
Tension  of  «)ring  6.15  kg. 

Resistance  If  the  air        7.30  kg. 

/  biSerence         1.15  kg. 

These  figures  sww  thAt  with  a  rather  high  total  weight  of 
plates,  spring,  and  smport  £he  difference  between  the  tenaiQn  of  the 
spring  and  the  resistance  it  the  air  is  readily  measurable. 
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By  this  method  Eiffel  has  studied  the  resistance  of  the  air  on 
planes  the  areas  of  which  range  from  ^  square  meter  (0.67  square 
feet)  to  one  square  meter  (10.77  square  feet)  and  of  which  the 
velocities  of  drop  ranged  from  18  to  40  meters  per  second  (39  to 
131.2  feet).  These  high  velocities  have  made  it  possible  to  oper- 
ate in  the  open  air  with  high  precision  in  calm  weather  as  well  as 
when  the  velocity  of  the  wind  does  not  exceed  2  to  3  meters  per 
second  (6.85  to  9.84  feet  per  second).  For  planes  falling  hori- 
zontally,  the  results  obtained  by  these  experiments  are  excellent; 
for  planes  inclined  to  the  vertical,  hpwever,  they  are  less  trust- 
worthy. 

Limiiaiions  of  Artificial  Current  Method.  In  employing  the 
method  utilizing  an  artificially  created  current  of  air  in  which  a 
model  is  placed,  it  is  necessary  to  observe  the  following  precautions: 

(1)  It  is  essential  that  the  model  be  placed  in  a  maaa  of  air  theoretically 
indefinite,  practically  very  great,  and  having  a  velocity  constant  in  magnitude 
and  in  direction.  The  section  of  the  cyhnder  of  air  should  be  sufficiently 
hrge  so  that  at  the  periphery  the  velocity  of  the  air  may  be  sensibly  the  same 
in  magnitude  and  in  direction  as  that  of  the  air  which  has  not  yet  approached 
the  obstacle.  In  this  method,  it  is  necessary  to  have,  first  of  all,  a  cylindrical 
current  of  air  and  then  to  introduce  into  this  current  a  body  of  dimensions  so 
mall  by  comparison  that  its  presence  shall  not  produce  any  sensible  disturbances 
tt  the  periphery  of  the  current.  Experience  has  shown  that  the  ratio  of  the 
greatest  dimension  of  the  model  to  the  diameter  of  the  cylindrical  air  current 
thould  not  exceed  45  per  cent. 

(2)  It  is  very  necessary  that  the  model  under  investigation  shall  lx» 
practically  isolated  in  the  current  of  air,  that  is,  that  the  support  of  the  nuKlol 
shall  play  only  a  negligible  rdle  and  shall  introduce  no  disturbances  of  imi)or- 
taoce. 

(3)  It  is  also  necessary  that  the  model  adopted  shall  not  be  too  small  if 
it  be  desired  to  apply  the  results  obtained  with  such  a  model  to  full-siz<» 
apparatus. 

In  fact,  when  a  study  is  made  of  the  distribution  of  pressure 
over  the  various  points  of  a  plate,  for  example,  either  on  the  faa* 
directly  exposed  to  the  action  of  the  current  of  air  or  on  the  reverse 
face,  it  is  found  that  this  distribution  becomes  regular  only  at  a 
certain  distance  from  the  border.  There  exists,  both  in  front 
and  at  the  rear,  a  central  zone  in  which  a  regular  regimen  is 
established  and  which  is  manifested  by  isobars  parallel  to  the  foY- 
ward  edge.  In  order  that  this  central  zone  may  be  studied,  \t  \s 
necessai:^'  that  the  dimensions  of  the  plate  experimented  \v\t\\  W 


tan 


68  THEORY  OF  AVIATION 

sufficiently  large.  In  fact,  the  width  of  the  marginal  zone  in  which 
the  pressures  are  irregularly  distributed  does  not  vary  propor- 
tionately with  the  dimensions  of  the  plate.  The  experiments  of 
M.  de  Guiche  demonstrated  that  this  width  varies  but  little  with 
changes  in  the  dimensions  of  the  plate. 

De  Quiche's  Experiments.  In  experimenting  with  thin  rectan- 
gular planes  De  Guiche  has  found  that  the  marginal  bands  showing 
irregular  conditions  have  a  practically  constant  width  equal  to  20 
centimeters  (7.88  inches)  in  front  and  40  to  50  centimeters  (15.76  to 
19.7  inches)  at  the  rear.  He  concludes  from  this  that  it  is  not  well 
to  operate  with  planes  having  a  spread  of  less  than  one  meter.  Jn 
the  study  of  curved  surfaces,  M.  de  Guiche  found  marginal  bands 
of  disturbance  of  which  the  sensibly  uniform  width  scarcely  exceeded 
20  centimeters  on  the  two  faces.  Therefore,  when  small  dimensions 
are  used,  that  is,  less  than  40  centimeters,  the  results  obtained  from 
the  models  do  not  permit  calculating  with  sufficient  accuracy  the 
results  which  would  be  given  by  the  wings  of  an  aeroplane  of  stand- 
ard size.  In  the  case  of  very  small  models,  the  mode  of  distribu- 
tion of  pressure  has  but  a  very  remote  relation  to  that  occurring 
on  wings  of  practical  size. 

The  necessity  of  using  models  of  sufficient  dimensions  for  experi- 
mental purposes  involves  the  use  of  very  large  sections  for  the 
cylindrical  current  of  air.  For  example,  to  study  planes  having  a 
spread  of  one  meter,  it  is  necessary  to  provide  a  cylinder  of  which 
the  diameter  is  greater  than  100/.4o,  or  220  centimeters  (86.7  inches), 
approximately.  For  curved  surfaces,  it  is  sufficient  if  the  cylinder 
has  a  diameter  greater  than  40/.45,  or  89  centimeters  (35  inches), 
approximately. 

Rateau's  Experiments.  The  method  using  an  artificial  current 
of  air  has  been  largely  used  by  M.  Rateau  with  the  aid  of  the 
following  equipment:  (1)  a  helicoidal  fan  having  a  diameter  of  1.2 
meters  (practically  4  feet);  (2)  a  wooden  chamber  measuring  1.5 
meters  (59.1  inches)  on  the  side,  the  purpose  of  this  chamber 
being  to  suppress,  by  means  of  suitable  partitions,  the  turbulence 
produced  by  the  fan  as  well  as  to  create  a  current  of  air  having 
its  velocities  of  movement  equal  and  parallel  throughout;  (3)  an 
outlet  orifice  of  0.7  meter  (27.6  inches)  diameter  from  which  issues 
a  cylindrical  current  of  air  of  the  same  diameter;  and  (4)  a  weigh- 
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ing  balance  located  in  the  outside  air  at  a  short  distance  from  the 
orifice  through  which  the  current  of  air  passes. 

The  apparatus  described  permits  utilizing  the  air  velocities 
reaching  35  meters  (114.8  feet)  per  second,  but  the  diameter  of  the 
cyUndrical  air  current  is  too  small,  while  the  supports  used  were 
so  large  as  to  cause  considerable  disturbances  in  the  current. 
Snce  the  surfaces  and  models  employed  were  over  large  for  the* 
size  of  the  air  current  available,  these  experiments,  while  of  historic 
value,  can  scarcely  be  considered  as  having  any  definitive  value. 

Aerotechnic  Institute  of  Saint-Cyr.  The  apparatus  employed 
at  the  Aerotechnic  Institute  of  Saint-Cyr  is  of  particular  interest 
in  that  it  is  largely  designed  for  experimenting  on  full-size  machines 
in  the  open  air.  To  permit  this,  a  special  electric  railway  of  stand- 
ard gauge  and  almost  one  mile  in  length  has  been  provided.  The 
car  employed  is  approximately  20  feet  long,  weighs  5  tons  without 
load,  and  is  driven  by  a  130-horsepower  motor.  Current  is  taken 
from  a  third  rail,  and  electric  brakes  are  used  for  bringing  the  car 
to  a  quick  stop.  The  maximum  velocity  attainable  is  approximately 
20  meters  (65.6  feet)  per  second. 

This  car  is  fitted  with  apparatus  for  measuring  the  following 
factors:  the  vertical  component,  or  lift;  the  horizontal  component, 
or  drift;  and  the  rotating  couple,  from  which  with  the  preceding 
components  there  may  be  derived  the  location  of  the  resistance  as 
a  single  force. 

The  relative  velocity  of  the  body  under  trial  and  the  air  is 
obtained  by  measuring  the  absolute  velocity  of  the  car  with  reference 
to  the  ground  and  adding  or  subtracting  the  velocity  of  the  wind, 
according  to  the  direction  in  which  the  car  is  running  with  refer- 
ence to  it.  The  speed  of  the  car  is  automatically  measured  by 
means  of  a  registering  speedometer  which  gives  the  revolutions 
per  minute  of  the  axle.  There  is  also  installed  along  the  line  a 
system  of  electric  contacts  which  inscribe  reference  points  on  the 
c>'linder  of  a  precision  chronograph.  This  cylinder  permits  meas- 
uring the  time  required  by  the  car  to  traverse  a  certain  distance 
within  limits  of  0.1  to  0.005  second,  the  distance  being  exactly  95.9 
meters  (314.55  feet). 

Correction  for  Wind.    Measurements  are  made  at  a  fixed  pomt 
OJ7  the  line  where  the  tests  are  carried  out  of  the  magnitude  auA 
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direction  of  the  wind,  the  velocity  being  recorded  by  an  anemoci' 
neTnographe  (recording  anemometer),  which  is  extremely  sensitive, 
while  the  direction  of  the  wind  is  indicated  by  a  self-registering 
wind  vane.  Unless  a  wind  of  at  least  2  meters  per  sedbnd  average 
velocity  is  blowing,  however,  it  is  not  possible  to  make  corrections 
for  the  wind  with  suflBcient  precision. 

The  car  already  described  is  designed  for  experiments  with 
planes  and  other  parts,  a  larger  and  more  powerful  car  of  the  same 
type  being  employed  for  testing  complete  machines.  Experiments 
of  this  kind  have  been  carried  out  on  a  Bleriot- two-seated  mono- 
plane, though,  generally  speaking,  investigations  with  full-size 
machines  are  still  in  the  introductory  stage.  The  characteristics 
of  the  machine  tested  were:  span  36  feet;  length  29.5  feet;  lifting 
surface  272.8  square  feet;  and  angle  of  the  chord  of  the  wings  with 
the  tail  plane  6  degrees.  The  speeds  employed  were  from  49.2 
to  59  feet  per  second,  or  33.5  to  40.4  miles  per  hour. 

Propeller  Tests.  Another  specially  designed  car  has  been  built 
for  testing  full-size  propellers.  A  framework  is  built  on  this  car 
which  permits  carrying  the  propeller  at  some  distance  from  the  car 
itself,  thus  making  it  possible  to  operate  the  propeller  in  undisturbed 
air.  The  propeller  is  rotated  by  means  of  an  80-horsepower  electric 
motor  through  a  silent  chain  drive  in  much  the  same  manner  as 
on  dirigible  balloons.  No  propelling  motor  is  fitted  to  the  car  itself, 
the  movement  of  the  latter  being  due  entirely  to  the  thrust  of  the 
propeller.  In  the  course  of  the  tests,  the  propeller  is  made  to  pull 
the  car  along,  the  extent  of  this  pull  being  measured  on  a  dynamo- 
meter inserted  between  the  bar  on  which  the  propeller  is  mounted 
and  the  framework  of  the  car.  At  the  conclusion  of  a  test,  the  car 
is  returned  by  reversing  the  rotation  of  the  propeller  and  driving 
it  at  reduced  speed. 

The  power  absorbed  by  the  propeller  is  measured  in  two  ways, 
viz,  by  means  of  a  wattmeter  registering  the  amount  of  current 
absorbed  by  the  driving  motor;  and  by  means  of  a  transmission 
dynamometer  registering  the  couple  required  to  drive  the  propeller. 

The  two  pieces  of  apparatus  required  for  these  measurements 
are  standardized  by  means  of  a  Renard  brake,  which  is  attached  to 
the  shaft  in  place  of  the  propeller,  while  the  velodty  of  the  car  is 
determined  bv  the  same  methods  as  described  for  testing  surfaces, 
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'Ac  relative  velocity  being  obtained  by  making  corret-tioiis  for  the 
wind,  as  already  noted.  The  speeds  realized  have  not  exceeded 
66,6  feet  per  second. 

Tfsts  in  Free  Flight.    Another  tjpe  of  investigation  that  has  been 

inaugurated  by  the  Institute  of  Saint-Cyr  h  the  testiiig  of  machines 

in  actual  flight,     For  this  purpose,  a  Maurice  Farman  biplane  and  a 

I'lrriot  monoplane  Iiave  been  employed  in  connection  with  a  very 

iiiiplete    set   of   instruments    comprising   a    redirder   of   relative 

1  lucity.  giving  the  speed  of  the  aeroplane  relative  to  the  air;  a 

registering  wind  vane,  giving  the  indination  of  tlie  wind  to  the 

chord  of  the  planes;  a  registering  clinometer,  giving  the  longitudinal 

—iatJinattun  of  the  neroplnne  relative  to  the  borisontal;  a  barograph, 

pry  sensitive  up  to  500  meters;  a  registering  revolution  counter, 

bnag  the  speed  of  the  engine;  an  instrument  recording  the  move- 

sjt  of  the  elevator;  and  an  instrument  recording  the  warping  of 

!  ]^anes. 

All  these  recording  Instruments  except  the  revolution  counter 

are  pro%'idefl  with  cylinders  of  such  proportions  as  to  give  a  length 

of  diameter  of  11.5  inches  in  26  minutes,  that  is,  0.442  Inch  per 

minute.     ^Vith  this  speed  of  movement  of  the   record   one   may 

judge  the  periods  nf  steady  conditions  exceeding  10  to  20  seconds 

iluratiori.      Qusiutitative    measurements    cannot    be    drawn    from 

.periods  of  steady  conditions  having  less  than  this  duration. 

Sjfwhroiihhig  Inatnimenta.  In  order  to  insure  perfect  agree- 
St  in  time  between  the  different  diagrams  so  that  tlie  corre- 
nding  points  relate  to  exactly  the  same  instant  of  flight,  each 
ster  is  pro\'ided  with  a  supplementary  pen  mo\-ed  by  an  electro- 
Throughout  the  amrse  of  the  flight,  the  pilot,  by  closing 
the  circuit  at  sufficiently  close  intervals,  caases  these  pens  to  register 
simultaneously  on  all  the  diagrams.  The  reference  points  thus  . 
meed  are  all  in  synchronism.  To  protect  the  instruments  from 
ration   and  shock,  they   are   inclosed   In   protecting   ca.Hes  and 

I  to  the  machine  by  an  clastic  suspension. 
The  indicator  of  the  nio\'ement  of  the  ele\'ator3  and  the  warp- 
ing of  the  wings  was  installed  on  the  Blcriot  mutioplane.  With 
the  aid  of  tracing  pitints  this  makes  records  on  a  single  cylinder. 
1  of  the  movements  of  the  control  showing  the  extent  to  which 
Bdn'attmt  are  employed  and  that  to  which  the  wings  are  warped 
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in  ^iglit  with  rclutiun  tu  truvei  alun^r  paths  of  different  unglt's  from  I 
the  horizontal. 

In  addition  to  the  special  apparatus  mentioned,  the  Aerotech- 
nic  Institute  is  provided  with  a  turntable,  or  whiHing  equipment, 
for  experimenting  with  models  and  a  large  wind  tunnel  for  the 
same  purpose.  The  turntable  has  an  arm  52.5  feet  h>ng  and  can 
be  revolved  at  from  5fi  to  59  miles  per  hour,  while  the  current  of 
the  tunnel  is  supplied  by  a  1 20-horsepower  fan  capable  of  giving 
the  air  a  speed  up  to  S9.4  miles  per  hour  with  a  maximum  delivery 
of  4,412  cubic  feet  per  second. 

Dorand's  Plying  Experiments.  Cnmmandaiit  Dorand  of  the 
French  Armj'  has  also  mack'  a  number  of  experiments  in  free  flight 
with  the  aid  of  a  biplane  of  his  own  design.  This  is  of  the  tractor 
type,  with  staggered  planes,  and  is  driven  by  a  lil)-htirsepowef 
motor.  With  the  aid  of  synchronized  electrically  operated  instro- 
ments,  the  thrust  of  the  propeller,  speed  of  rotation,  speed  of  t 
aeroplane  relative  to  the  air,  and  the  angle  of  incidence  of  t 
wings  may  all  be  made  simultaneously.  To  register  the  propelll 
thrust  in  flight,  the  engine  bed  is  mounted  on  a  dynamometf 
balance  on  a  shaft  carried  on  roller  bearings,  the  movement  dil 
to  the  thrust  being  taken  on  two  hydraulic  cylinders,  the  entil 
mounting  being  similar  in  principle  to  a  naval  gun  mount.  Record^ 
ing  gauges  give  the  pressure  in  these  oyUnders  and,  in  turn,  that 
of  the  thrust  of  the  propeller.  Recording  drums  are  set  i 
ment  when  the  aeroplane  starts  and  chronograph  markers,  movi 
electrically,  indicate  on  each  sheet  the  exact  point  at  which  1 
reading  is  made. 

It  is  apparent,  however,  that  with  such  a  mounting  the  tol 
reading  of  the  pressure  gauges  does  not  consist  of  the  thrust  of  tl 
propeller,  since  there  is  a  thrust  set  up  by  the  resistance  of  th 
motor  and  its  framework  due  to  the  velocity  of  the  aeroplane 
through  the  air  and  this  added  thrust  is  naturally  added  to  tltf 
reading  of  the  instruments.  To  work  out  a  correction  for  1 
the  motor  and  its  mounting  and  attachments,  minus  the  pVopellfl 
were  subjected  to  a  blast  of  air  at  differing  velocities,  and  i 
amount  of  resistance  indicated  at  varj'ing  speeds  of  the  air  wa 
recorded.  The  measure  of  the  thrust  of  the  propeller  gives  1 
bead  rvsiatance  of  the  aeroplane  at  any  instant  of  its  horizontal  S 
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[{ecording  liistntmeiils.  The  rtvolution  per  miniilu  rut«  of  the 
rigine  is  recorded  electrically  by  mounting  on  the  shaft  an  insulating 
UindtT,  half  of  which  is  covered  with  copj>er.  Two  brushes  bear 
ii  this  and  are  connected  with  a  Imttery  and  chronograph,  so  that 
the  Hhaft  turns,  there  is  an  interruption  of  the  current  for  each 
-solution  and  a  corresponding  mark  on  the  chronograph  sheet, 
I'll  measure  the  relative  velocity  through  the  air,  a  Venturi  tube 
i^  employed,  a  method  of  obtaining  this  data  that  has  been 
ui;ide  the  subject  of  a  painstaking  investigation  at  the  Saint-Cyr 
■i  -titute.  A  clinometer  formed  of  a  pendulum  damped  in  a  bath 
1  glycerin  serves  to  indicate  tlie  angle  of  incidence,  a  pointer 
li.WnR  over  a  scale  indicating  at  any  instant  the  angle  of  the 
InM  of  the  planes  with  the  horizon.  Experiments  in  gliding 
:'i;:ht  have  also  been  made  with  this  equipment.  This  requires  a 
iiiiwledge  of  the  gliding  angle,  or  the  angle  of  the  relative  air 
i"vcment  with  the  horizon,  which  is  furnished  by  means  of  a 
■  .me  with  a  horizontil  axis, 

Viiicennes  Experiments.  At  the  artillery  school  at  Vincennes 
French  War  Department  has  in,stalled  a  laboratory  with  a 
illy  different  type  of  equipment.  The  most  prominent  feature 
of  this  is  a  steel  cable  508  feet  long,  supported  at  different  heights 
at  each  end  to  represent  a  grade  of  12  per  cent. 

A  monorail  car  runs  on  this  cable  and  has  suspended  from  it, 

means  of  a  bar  and  a  network  of  bracing  wires  in  triangular 

to  give  the  equivalent  of  a  rigid  coimection  in  every  direction, 

aeroplane  under  test.     Movement  is  produced  by  gravity,  the 

mum  velocity  realized  being  39.4  feet  per  second.     The  bar 

lecting    with    the   oar   is   attached    thereto   by    means   which 

tratuimit  separately  to  the  dynamometer  springs,  on  the  one  hand, 

the   forces   normal   to   the   cable,   and,   on   the   other,   the   forees 

parallel  to  the  cable,  the  movements  of  the  springs  being  recorded 

a  rotating  cylinder. 

Full-size  aeroplanes  are  tested  with  the  aid  of  this  apparatus, 

principle  of  the  methiwl  employed  being  as  follows:    There  is, 

,   the  body   suspended   from   the  trolley   which   travels  on  a 

iltncar  inclined  cable.     Such  a  body  may  be  assumed  to  possess 

plane  of  symmetry  which  also  includes  the  cable,    The  body 

Icr  iovcstigatioQ,  descending  along  the  cable  in  such  a  manner 
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that  Its  plane  of  symmetry  is  displaced  parallel  to  itself,  is  sub- 
jected at  each  instant  to  the  following  forces:  the  action  of  gravity, 
applied  at  the  center  of  gravity;  the  resistance  of  the  air,  applied 
at  a  point  which  may  be  designated  by  p;  and  the  force  of  inertia, 
applied  at  the  center  of  gravity. 

These  forces  may  be  decomposed  parallel  and  perpendicular 
to  the  cable.  The  components  of  the  weight  are  opposed  to  those 
of  the  resistance  of  the  air;  those  of  the  force  of  inertia  are  parallel 
to  them.  Graphic  record  is  made  of  the  magnitude  of  the  com- 
ponents parallel  and  perpendicular  to  the  cable.  When  the  system 
is  in  a  state  of  rest,  the  weight  acts  alone,  so  the  manner  of  record- 
ing provides  for  the  elimination  of  the  effects  due  to  gravity. 

The  aeroplane  or  other  body  under  test  is  allowed  to  slide 
down  the  cable,  and  at  a  given  moment  the  acceleration  a  of  the 
system  is  measured  and  a  record  is  made  of  the  components  of  the 
resistance  of  the  air  and  the  force  of  inertia.  The  acceleration 
a  is  measured  by  means  of  a  pendulum  mounted  on  a  support 
which  itself  is  given  a  movement  of  translation  with  an  accelerated 
velocity,  so  that  it  tends  to  place  itself  at  each  instant  in  such  a 
position  that  the  angular  deviation  from  the  vertical  is  connected 

with  the  acceleration  a  bv  the  equation  /3  =  — .     As  the  slope  of 

9 

the  cable  is  slight,  the  angle  /3  is  small.  The  maximum  deflection 
of  the  cable  varies  from  4.6  feet  without  load  to  16.4  feet  with  a 
load  of  2,204  pounds  placed  at  the  center,  the  tension  remaining 
constant.  The  weight  of  the  aeroplane  employed  in  the  experi- 
ments was  1,543  pounds. 

American  Experiments 

Pre-War  Investigations.  Prior  to  the  achievement  of  flight  by 
the  Wright  Brothers,  a  number  of  experimenters  were  working  on 
the  problem  in  this  country  but  in  practically  every  case  with 
exceedingly  meager  facilities.  From  that  period  on,  American  scien- 
tific research  was  confined  to  the  manufacturers  and  a  few  scientists, 
but  neither  the  appliances  employed  nor  the  extent  of  the  research 
work  carried  out  could  be  said  to  compare  favorably  with  what  was 
being  done  abroad.  Outside  of  a  narrow  circle,  interest  in  aero- 
nautics was  almost  entirely  lacking,  so  that  any  scientific  research 
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Ion  a  scale  commensurBte  with  tbe  importance  of  the  subject  was 
hiLTdiy  to  be  expected.  Since  the  entry  of  this  country  into  the  war 
brought  about  a  reahzation  of  the  vital  necessity  of  aerial  equip- 
iicdt,  however,  steps  have  been  taken  to  make  up  for  lost  time. 

Low-pressure  Engine  Test  Room.    The  work  of  investigiitinn 
:,-  lieiiig  forwarded  by  the  Federal  Government  and  is  imdcr  the 
i-harge  of  the  Bureau  of  Standards  at  Washington.     The  first  step 
was  to  complete  an  aerodynamic  laboratory  and  install  a  complete 
testing  equipment,  which  was  accomplished  in  a  remarkably  short 
time.     One  of  tlie  distinguishing  features  of  this  equipment  is  a 
laboratory  specially  designed  for  the  testing  of  engines  imdcr  low 
atmospheric  pressures  to  simulate  the  conditions  encountered  at 
the  high  altitudes  now  commonly  sought  by  high-speed  machines. 
Fi\e  years  ago.  the  altitude  record  was  just  passing  the  15,000-foot 
mark  and  the  extra  300  feet  necessary  to  set  a  new  mark  were 
only  attained  in  many  instances  by  the  most  strenuous  efforts  on 
ihe  part  of  the  pilot.     Now  heights  of  20,000  to  22,000  feet  are 
easily  attainable  under  favorable   weather  conditions,  and   many 
aerial  combats  have  been  fought  at  these  altitudes. 
^        At  such  heights,  there  is  a  \'ery  marked  decrease  not  only  in 
^■tte   atmosphenc   pressure   but   likewise   in   tlie   temperature.     To 
^Hbtain  the  necessary  amoimt  of  oxygen  required  by  the  motor  for 
^Hb  effective  operation,  requires  the  handling  of  a  greatly  increased 
^^ku>unt  of  air  whose  temperature  is  very  low.     To  duplicate  these 
^Hboditions,  a.  special  vacuum  chamber  has  been  erected,  measuring 
B  feet  by  OJ  feet  by  15  feet  high  with  a  12-inch  steel-reinforced 
concrete  wall  lined  with  cork  insulation.     Both  hand  and  automati- 
cally operated  valves  are  employed  to  control  the  air  entering  this 
chamber  so  that  the  pressure  in  it  can  be  varied  from  the  normal 
atmospheric  pressure  at  sea  level  down  to  one-half  an  atmosphere, 
corresponding  to  the  pressure  at  an  altitude  of  20,000  feet,  thus 
making  it  possible  to  approximate  actual  operating  conditions  over 
a  wide  range.     To  obtain  the  corresponding  temperatures,  a  25-ton 
|i  ammonia  refrigerating  machine  driven  by  a  40-horsepower  electric 
tor  ia  provided,  the  refrigerating  coils  being  placed  in  the  outer 
]  as  well  as  the  vacuum  chamber  itself,  so  that  the  air  passing 
>  tbe  latter  can  be  pre-cooled  to  the  temperature  desired.    To 
went  the  air  in  the  vacuum   chamber  being  heated   by  the 
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exhaust  of  the  engine,  this  exhaust  is  first  cooled  by  an  injection 
of  water  and  is  then  drawn  into  a  chamber  which  is  outside  the 
test  compartment  and  which  is  kept  at  a  low  pressure  by  a  large 
rotary  exhaust  blower.  The  latter  also  serves  to  draw  air  from 
the  test  chamber  itself. 

Simulating  Actual  Conditions.  To  simulate  still  further  the 
actual  conditions  of  flight  at  [high  altitudes,  the  cold  air  in  the  test 
chamber  is  circulated  by  electric  fans,  one  object  of  this  circu- 
lation being  to  obtain  a  high  air  velocity  over  the  engine,  while 
another  is  to  carry  away  the  heat  radiated  by  the  engine  and 
exhaust  manifolds  and  absorb  it  in  the  refrigerating  coils  inside 
the  chamber.  After  the  air  has  been  cooled  by  passing  it  through 
these  coils,  it  is  again  circulated  over  the  engine  under  test.  The 
exhaust  from  the  latter  is  led  into  water-jacketed  pipes  connected 
with  the  individual  cylinder  exhausts.  To  cool  the  exhaust,  water 
is  circulated  through  these  pipes  and  through  a  header  connected 
with  tanks  outside  the  vacuum  chamber.  These  tanks  serve  to 
eliminate  pulsations  from  the  exhaust.  Any  water  flowing  out 
with  the  exhaust  as  drawn  out  of  the  chamber  by  the  vacuum 
pump  located  in  the  outer  chamber  is  siphoned  out  when  the 
mixture  passes  through  the  vacuum  tanks. 

Measuring  Outpiit.  To  determine  the  brake  horsepower  of  the 
motor  under  test,  it  is  coupled  up  to  an  electric  dynamometer  and 
control  mechanism  located  in  the  outer  chamber.  This  dyna- 
mometer is  capable  of  absorbing  300  horsepower  and  has  an  over- 
load rating  of  30  per  cent.  With  the  aid  of  this  laboratory,  it  is 
possible  to  obtain  absolute  control  of  the  temperature  and  atmos- 
pheric pressure,  so  that  the  engines  subjected  to  test  are  operating 
under  the  same  conditions  as  when  flying  at  high  altitudes.  Pro- 
vision is  also  made  for  measuring  the  amount  of  air,  fuel,  and  water 
together  with  their  temperatures,  so  that  complete  heat  balances 
can  be  computed  for  all  operating  conditions.  In  addition  to  this, 
equipment  is  provided  for  many  other  supplementary  measurements! 
such  as  compression  and  explosion  pressures. 

Wind  Tunnel.  The  Bureau  of  Standards  has  had  under  con- 
sideration for  several  years  the  construction  of  a  modem  wind 
tunnel  for  aerodynamic  researlh,  but  this  has  only  been  provided 
during  the  past  year.    The  building  is  90  feet  long  by  30  feet  wA 
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At  fcmr  vave  created  bgr  Aesr  pannagr  thmuoh  "iitr  vstRr.  anri 
Ihike. 

Ibe  wind  tunnd  of  tUs  lafawaCnry  n  «  f<wc  «iiiar>  ir.  ih*^ 

pat  It  wluch  models  are  tested,  and  ic  Lt  •nuipCMJ  vith  -i.  -.Ii.'^-'t- 

^woV*  SOWiwaepoPwer  motor,  *i  that  ir  L-»  •-,ru*  ■-./  •:r'.«^  kri-^r 

kenr  built    It  baa  been  emplnyed  mf.n  ?pfjmr;    :'-r  t^i^- 

*lte(]f  aerotdane  models,  the  tesriiuj  '^hamh^  vHr.e   ;:;  ''•^'■ 

W  Tie  oooqjete  bmnd  is  in  the  fiirm  '/  a  '■Ir/iwI  f^r^uir.  i^ 

**  bj  Rg.  27,  whicb  shows  a  «rfe  <!ie-;*r>.ti  *n-i  *  plan   ■  >^ 

[  **  *wr  is  erf  the  cotragseed  pa««le  tj  p«  an*i   n**  *n  itiie^ 

I  ^terf  11  feet  2  incfaea,  while  a  ^acharifK  -iiirr.  7  f*t  'i  inniies 

I  Vlfcrt  is  placed  at  ow  end  of   the    '^r'^^^r     "■■  ^.irrunar^ 

I'^t  aria  of  faaflca  ■  placed  in  'iw.  r-f^^ut  *t.  ^.m  pftac  ■h.-^^ 

|*^lfcewmdententhee»perimMiral  ^hamr-^     Ar  this  ?«inc 

I  *»taad  k  8  bet  aioaK  and  th«  -^lU  *<*  «^h  i  &^  "l™^ 

M^aaM  of  thanks  fact  loa«.    ^jw>h  "j^I  haH  an  indepen^ 

***  It  tha  idoei^  of  dut  air  in  »  'iHl  '»P  1P""P  ** 

Anmtion  a*  hoc  m«»  thaa.  i  P^^  ^* 
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is  maintained  in  the  current  of  air  in  the  experimental  chamber, 
and  by  means  of  the  SOQ-horsepower  motor  air  speeds  up  to  75 
miles  per  hour  are  obtainable.  The  average  velocity  of  discharge 
is  indicated  by  a  set  of  twelve  Pitot  tubes,  the  readings  of  which 
are  indicated  on  an  integrating  pressure  gauge. 

A  balance  of  the  platform  type  having  three  axes  is  employed. 
Two  of  these  axes  are  in  the  same  horizontal  plane,  spaced  5  feet 
1  inch  apart,  while  the  third  is  4  feet  directly  over  one  of  the 
former.  By  setting  the  aeroplane  model  under  test  at  a  given 
angle,  the  moments  acting  about  each  of  these  axes  are  indicated 
by  the  readings  of  the  scale.  With  the  aid  of  this  data,  the  lift 
and  drift  of  the  model,  that  is,  the  horizontal  and  vertical  com- 
ponents of  the  force  acting  upon  it,  may  be  computed  as  well  as 
the  line  of  application  of  the  force.  Since  the  resistance  of  the 
wing  of  an  aeroplane  model,  even  at  the  maximum  air  speeds  of 
which  the  tunnel  is  capable,  is  but  small  fractions  of  a  pound, 
the  balance  itself  has  to  be  accurate  and  is  designed  to  indicate 
fractions  as  low  as  0.001  pound.  The  large  size  of  the  tunnel 
makes  it  possible  to  employ  models  built  on  a  large  scale  as  well 
as  to  test  aeroplane  radiators  of  working  sizes,  these  tests  beinji; 
undertaken  to  determine  the  head  resistance  of  the  radiator  as  well 
as  its  cooling  capacity. 
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PART  II 


SOME  FEATURES  OF  DESIGN 
1  Survey.    To  give  the  student  winie  idcii  of  the  vast 
rcHeiLrcli   work   that  has   been   necessary  to  bring  the 
I  to  its  p^t■^il■llt  state  of  efTet-tiveness,  exeerpts  from  engi- 
i  covering  stonie  of  the  more  salient  features  of  design 
I  ill  tills  set^lion.     In  a  later  section  uill  be  found  a  brief 
eovering    the    methods    followed    in    designing    a    typical 
The  numerous  references   to  experimental  daia  obtained 
r  Inborstory  show  how  essential  research  work  han  been  to 
\Miile   research   was   taken   up   in   a  small   way   in   the 
I  States  in  the  early  days  of  the  development  of  the  aero- 
,   we  have  been  very  much  behind  our  fontinental  tontem- 
(inifie*  in  carrying  it  on,  though,  as  the  result  of  the  great  amount 
(  construction  necessitated  by  the  war,  steps  have  been 
i  establish  in  this  country  one  of  the  best  equipped  labora- 
I  ibe  world. 

I  IUltU^aH,^'  not  the  intention  in  this  connection  to  attempt 

r  every  feature  of  design  nor  to  dwell  exhaustively  on  the 

int  ones  selected  for  illustration.     There  are  so  many 

(  be  considered  in  the  matter  of  wing  surface  alone,  and 

^  data   has   been   accumxilated    in   the    past   seven   j'ears 

hr,  not  a  little  of  it  conflicting  to  some  extent),  that 

me  could   be  devoted   to  this  subject   alone.     This 

of  the   aerial    propeller   and   likewise  holds  good 

'   important   questions    of    lateral   and    longitudinal 

i  present,    data   c(»vering   these    various  subjects   are 

nighout  innumerable  works,  papers  rear!   before  engi- 

'  societies,    contributions   to   technical    magazines,    and   the 

nijtli   undoubtedly  the  most  authoritative  sources  of  infor- 

aic   the   archives   of    the    various   European    aerodynamic 


I 

I 
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AEROPLANE  PARTS  AT  A  QLANCE* 
In  these  analyses  the  nomenclature  which  has  been  developed 
in  the  science  of  aviation  will  be  used;  consequently,  it  has. been 
thought  wise  to  insert  definitions  and  sketches  at  this  point  so  that 
the  references  will  be  clear  to  the  reader.  The  letters  at  the  left 
indicate  whether  the  number  will  be  found  on  one  or  more  of 
Figs.  28,  29.  and  30  (T — ^top  view;  S— side  view;  and  F^ront  view), 

T,  1.     AiLtKUN — A  Bmall  wing  usually  Biluated  at  the  outward  i-od  •<! 

Ib'<  trailing  '>dgp,  the  operation  of  which  turns  iin  aempluin' 

:ihiiul  its  longitudimil  axis  (causes  it  to  tilt  sideways) 
S.  2.     Axle — Wddcd  steel  tubing  with  reinforced  wood  filler 

S.  3.     Axle  Collar — MMchinwl  hrasB,  used  to  prevent  the  wheels  from 

i.-unijng  off 
S.  A.     .\XLE  OiLLAB  Bolt— HexoBon  liea*!,  posses  through  the  axle  ooUar 

and  the  a.xlc  and  is  secured  by  a  castellated  nut 
f^.V.  5.     Bkai'bs — Horisontal,   stabilJEcr,   hU«1   tub^ig  Btreani-lined    with 

epruce  form  and  covered  with  linen  tape  and  "dope" 
S.  (i.    CoNTBOL  Wheel— Two  in  one,  controls  the  ailerons  and  the  elevB- 

8.  7.    Control  Yoke— Non-magnetic  aluminum  liibing,  fastened  lo  seat 

ra\!k  by  two  trunnions  and  bearings  and  to  wjuch  control  wheck 

arc  secured 
8.T..         8.     Cockpit— Pilot's,  padded 
T.  9.     Cowl — Top  engine,  sheet  olutninutn  wciired  to  the  side  cowling  by 

two  MtraiB  and  buckles 
¥.  10.     Cowl — Bottom,  sheet  uluminuni 

F,  II.     Clipk — Fuselage,  hotils  the  compression  struts,  and   the  fuselaai' 

diagonal  bracing  wires  arc  also  attached 
T,  12.     IJiHTAKcE  Piece — A  long  round  pie<«  of  spruce  ruuning  the  full 

length  of  the  wing  and  used  to  prevent  the  ribs  from  rolling  ovci 
T.  13.     Elevator — A  controlling  surface  usually  hinged  to  the  rear  of  th* 

tail  plane  the  operation  of  which  directa  an  aeroplane  upward  or 

downward 
S.T.F.     14.     Engine  Section  Panel — Upper  wings  arc  attached  to  the  engine 

R.  1&,     Engine  Bed — Four  bminationB,  the  two  center  spruce  and  the  two 

outside  hardwood,  arc  used  as  engine  supports 
S.  10.     Engine    Bed    Protector — One    tbirty-eecond    inch   sheet    steel 

wrapped  around  the  bed  (o  prevent   the  engine  from   ainkiO|: 

into  the  wood 
8.T.         17.     Eooe.  Leaping — The  front  edge  of  a  surface  relative  la  it«  nomi^ 

direction  of  motion 
T,  17tt.  Eoce,  LeAUiNo,  Foem— Spruce 

T.  18.     Edoc,  Trailino — The  rear  edge  of  n  surfar* 

direction  of  motion 
T.  18k.  Edqx,  Traujno,  Form — Flattened  steel  tubing 

*fnpani  by  tbc  Avistioa  DipsrlBiSBi  of  ikc  WilUmcD  ilDDd 
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Fabbic — Irish  linen,  Bhrunk  »nd  tiKhteaod  by  applyiug  about  six 

coat*  o(  "dope"  and  two  of  vanSah 
Fix,  Vertical — A  fixed  verlicul  siirTace,  used  as  a  keel  and  to  pre- 

veot  the  machine  fTom  tail  spinnin); 
L  Fin,  Vertical,  Form— Flattened  Aecl  tubing 

FrsELAGE — The  body  of  the  aeroplane  holding  the  motor,  the  fuel. 

the  pilot,  and  the  pasBccger  aniito  which  is  fastened  the  panelw 

and  I  lie  tail  unit 
Fair  Lead — Used  to  prevent  sway  of  the  control  wirea 
Floor  Board — Pilots,  made  of  hard  wood,  iiaeii  to  attach   the 

rudder  bar  to 
.  Floor  Board — Passenger 

Gasoline  Siqht  Gage — Showing  quantity  of  fuel  in  tank 

Gasoline  Tank — Heavy  gage  tin 

Gap — The  distance  between  the  upper  and  the  lower  w'ui\is  <if  ii 

Hinges.  Wino — Female  on  the  panels,  male  on  the  engine  section 

and  comiecl^  by  a  ning  hinge  pin 
HixGBS,  ■AjLEBON^Mttle  and  female,  used  to  connect  the  aileron 

to  the  panel  by  a  hinge  pin 
IUBPBcnoN  CovEB — An  scceBsible   stream-line   cover  fastened  to 

the  upper  longerons  by  four  hinucs  on  each  side;  it  can  easily 
0  inspect  the  control  wires  and  the  fuselage  brac- 


ing • 


introlling  surfaces  ui 


LONOEBON — Generally  white  ash,  running  the  full  length  of  the 
fuselage  and  around  which  aU  the  body  of  the  machine  is  built  up 

Lanoivg  Wheels— Tangent  wire  wheels,  pneumatic  tirca,  spokes 
and  rims  covered  by     doped"  fabric  to  stream-line  wheeb 

MoTOH^Power  plant  used  to  propel  the  aeroplane 

Nose  Plate-— Shaped  sheet  steel,  used  to  connect  the  four  longer- 
ons and  hold  the  radiator  in  place 

PiLOT-TusE  Head — The  air  passes  through  the  head  and  the  metal 
tubing  to  the  indicator  which  measures  the  velocity  of  an  aircraft 
with  reference  to  the  air  through  which  it  ia  moving,  usually 
calibrated  in  mules  per  hour 

Pbopelleb— ^3ak,  mahogany,  or  walnut,  five  laminations  so  shaped 
that  itA  rotation  about  on  axis  produces  a  force  (thrust)  in  the 
direction  of  ita  axis;  includes  both  pusher  and  tractor  propellers 

Panel,  ob  Puane — See  wing 

Pbofeller  Hub— Machined  st«>l.  ronncctH  the  propeller  to  the 
crankshaft 

Poor's  Seat — Upholstered  bucket  seat 
1,  Pasbenceb's  Seat— Upholstered  bucket  seal 

Prt-LET— Aileron  compensating  wire,  ball-bearing  pulley  through 
which  the  vi'rte  (lasses  without  friction 

Habiatob— Contains  4J  gallons  of  water,  used  to  cool  the  motor 

Rddder — A  hin(;ed  or  pivoted  surface  attached  to  the  rear  of  n 
tractor  machine;  used  to  steer  a  course  or  direction 
u  RcDDEB  Fraue — Flattened  steel  tubing 

RoDD£B  Bar — Pilot's  and  passenger's,  is  dual  control,  ash  bar,  cop- 
per tipped,  mounted  in  tenter  on  a  swivel  and  each  end  con- 
noclM  to  B.  control  cable  running  to  the  rudder 
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Rib,  Com FREsi^iuN— Acts  m  a  liKhtcaed  rib,  beeidee  bearing  thtfl 

stress  of  compntision  produmi  by  the  tension  of  the  internal  J 

bracing  wirra 
Rib,  Liqhtened— a  cnirved  wooden  pari  aasembled  in  *  panel  and 

used  t^  give  ihc  panel  ita  curvature  and  convey  the  lift  from 

the  fabric  to  the  spar 
Rib  Nose — Same  purpose  as  No.  44,  but  runs  from  the  leading 

edge  form  to  the  front  of  the  main  spar  only 
RlB^  NosB  Form — Three-ply  wood,  a  curved  form  on  top  of  No.  41. 

its  purposes  belnf;  lo  lake  fabric  and  keep  it  to  its  proper  eurvn- 

lure  and  prevent  ita  sagging 
Scat  Rail — Spruce  I  beam  ruimiiig  from  tlie  station  behind  the 

pilot's  seat  to  the  station  in  front  of  the  passenger's  seat,  sup- 
ports pilot's  and  passenger's  acate,  also  see  No.  7 
Spar,  Main— Spruce  1  beam  within  a  panel  and  t«  which  all  ribs 

and  drift  and  anti-drift  wires  are  attached 
Spar,  Rear — Same  oa  No.  48  except  that  it  is  situated  in  the  rear 

portion  of  (he  panel 
Spah,  Tail  Plane,  Main — Same  purposes  as  No.  4S 
Spar,  Tail  Plane,  Rear — Same  purpoHes  as  No.  50  but  of  lights 

construction;  elevator  is  attached  lo  it  by  hinges 
Shock  Absorber,  Landina  Gear — Two  pieees  of  rubber  10  f«et 

loDf;:  absorbs  and  minimizes  the  shock  of  landing 
Shock  Ausorubh.  Tail  Skib— Rubber,  same  as  No.  52,  only  sitii- 

ated  ut  the  rear  of  the  inachiue 
Skid.  Tail— Made  at  white  ash  or  other  hardwood.     Carrin 

weight  of  the  rear  portion  of  the  machine  while  on  the  Rroun4  J 

also  acts  OA  a  brake  in  landing 
.  Skid.  Wings— Made  of  rattan,  protects  and  keeps  ihc  wing  tj 

froni  the  ground  in  case  uf  a  bad  landing 
SrntiTB,  Wixo— Made  of  spruce  because  it  has  a  high  oompre 

strain  for  its  weight,  usnl  lo  keep  the  upper  and  the  lower    ' 

Strct,  Engine  Section — Spruce,  holds  the  engine  sectJon  p 

which  the  upper  planes  are  attached 
Sranr,  Fusklaoe— Spruce,  wis  as  a  spacer  and  keeps  Ihe  four  fv 

lage  longerons  apart 
Stbot.  Landino  Gear.  Front — Spruce,  reinforced  by  binding  HI 

STttDT,  Lamdino  Gear,  ReAr— Same  as  No.  58 

Stream-Line  Spacer — Used  an  a  slream-lining  for  ihe  axle,  I 

acta  as  a  spacer  for  Ihe  wheels 
SocKBT,  Landing  Gear,  Front— Mode  of  iiheei  -tieel,  uaod  t< 

nect  the  landing  gear  strut  to  the  fuselage 
Socket,  Landlso  Gear,  Rear — Same  us  No.  61 
Socket,  Engine  Section  StkcT— Sheet  sleeJ.  holds  the  eopn 

lion  strut,  Ibe  fuselage  strut,  and  the  diagonal  bracing  wii 
Tail  Post— White  ash  laminated,  sometimes  spruce,  vertical  pu 

finishing  the  atream-line  etTect  of  Ihe  fuscluiEc  and  to  which  U 

four  longerons,  the  universal  joint  of  the  tnti  skid,  and  iho  t 

hinges  of  the  rudder  are  fastened 
Tail  Plane— a  boriionlat  stabilising  surface  sitnched  by  bolta  U 

the  rear  portion  of  the  fuselage  and  to  which  the  olsvaton  aT 
I  sltaehcd 
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TCRNBUCKLE  FoBK — Consislfi  i>£  B.  bwss  iUid  ulloy  of  uianguneae 

barrel,  a  fork  with  right-hand  thread  always  attached  to  the 

fixed  portion  of  the  roachine  and  an  eye  with  a  left-hand  thread 

which  is  atlached  to  loop  ot  a  cable  or  a  wire  by  tnilice.     A  tum- 

buclde  is  used  to  tighten  or  adjust  tlie  cable  or  toe  wires 
TcBSiBrcBLE.  Etk— Used  to  connect  two  wires,  bo  two  eyes  urr' 

used  instead  ot  one  fork 
Wi?iiMS(j,  I^sDiso  Gear  Strut — Bound  with  linen  twine  to  reir- 

foreo  and  prevent  aplint<>ring 
Wi.tu  8i'iiEEN^M:ule  of  eetlutoid  with  aluniiniini  traiue,  lutml  !•' 

d|ffcet  wind  and  oil  from  the  paaamgcr  or  thr  piloi 
Wing — Tlie  supportinK  surface  of  an  aeroplane 
WiN(i  Tip — The  extreme  right-  or  lefl-hand  end  of  a  wing 
WixQ  Masts — Spruce  with  copper  banding  at  each  end,  used  as  u 

(niss  for  the  eable  which  supports  fhi"  upper  wing  exlonaions. 

when  the  machine  is  on  the  ground 
WiREfl,  Landing — Stranded  steel  cable,  used  to  take  the  load  oF 

ihe  wintp  wheji  tbc  maehine  is  landing  or  on  the  ground,  alwi 

used  for  iuljusting  the  dihedral  angle  ul  the  machine 
WiitBH,  Fltino — ^Duplicated  stranded  steei  cable,  used  to  take  tin- 
load  of  the  machine  while  flying;  these  wires  prevent  the  wingii 

from  folding  upward  when  flying 
Wires,  Drift — Stranded  steel  cable,  used  to  prevent  the  wiiiK!< 

from  folding  backward  when  flying 
Wires.  ANTi-Dairr — Piano  wire,  diagonal  bracing  wires  used  tii 

adjust  the  wing  framework  and  to  hokl  it  rigid 
WiBE,  Drift  (Wiso) — Piano  wire,  same  purposes  as  No,  76 
WiRK.  RiTDDBR  CorcTROL — Flexible  stranded  steel  cable,  used  In 

connect  the  rudder  bur  to  the  king-posts  of  the  rudder 
WiRK,  EixvAToa  Control — Flexible  stranded  steel  c^blc,  used  to 

connect  the  control  yoke  to  the  king-posts  of  the  elevatora 
Wire,  Aileron  CoNTBOL^Fleadbk!  stranded  steel  cable,  used  in 

connect  the  control  wheel  to  the  aileron  king-posts 
Wire,    Ailbron   Coup&NaATiNC — Flexible   stranded   steel   cable. 

used  to  b»lanee  and  adjust  the  ailerons 
WmE,  FrsELAos,  Diaoonai.  BBAt-iNu— Forward  half  of  fuselage. 

duplicated  atrunded  steel  cables;  rear  half,  piano  wires 
Wire.  Aileron  Control  Bracing — Piano  wire,  used  to  brace  the 

kintE-posls  and  to  prevent  warping  of  the  ailerociH 
WiBEf  RiiiDBR  Control  Bracing — Piano  wire,  aame  functions  us 

No,  83 
WiaE,  Elevator  Control  Braclno— Same  functions  as  No,  83 
Wire.  Landing  Gear  Diagonal  Bracing— Heavy  stranded  steel 

cable,  used  to  hold  the  luiuling  gear  rigid  and  to  take  ihe  strains 


—Heavy  stranded  steel  cable  used 


WiEB,  EsorNB  Section 

to  wljust  stagger  oh  ' 
WniK,  Enoine  Section  Diagonal  Bracino — Heavy  stranded  steel 

cable,  used  to  hold  the  engine  section  rigid  and  take  the  strmn 

of  the  mnchine  both  when  on  the  ground  and  when  flying 
Wire,  0^■CRHAN^i — Stranded  steel  cable,  runs  over  the  wing  mast 

and  lakes  the  load  of  extension  when  the  machine  is  on  the  ground 
W«e,  Tail  Post  Braciko — Piano  wire,  used  to  brace  the  tail  post 

and  to  take  the  stram  from  the  tail  post  in  a  feat  landing 
Wisz,  EsaiNB  Section  Tie— Stranded  steel  cable,  used  to  conneet 

the  engiiie  eeeijon  struts  and  prevent  them  from  spreading. 


THEORY  OF  AVIATION 

WINQ  DESIGN 
Selection  of  Wing;  Area  and  Section* 

Importance.  Omng  to  the  lack  of  experi mental  data  on  wliw 
comparative  cak-iilations  could  be  based  in  earlier  dajs,  the  pha 
of  aeroplane  design  relating  to  wing  area  and  section  was  too 
neglected,  though  it  is  of  great  importance  If  the  maximum  effidem 
is  to  be  attained.  Siicli  data  is  now  both  plentiful  and  trustworth; 
but  as  yet  there  is  no  quick  and  easy  way  of  selecting  the  corr 
combination  of  section  and  area  to  be  used.  Tlie  <]ifficiilty  t 
from  the  fact  that  section  and  area  are  functions  of  each 
and  also  of  the  weight,  power,  head  resistance,  and  intended  ptl 
pose  of  the  machine.  If  the  relation  between  the  above  factors  h 
been  chosen  with  good  judgment  or  has  been  basetl  on  machin 
that  have  seen  service,  an  aeroplane  is  fairly  certain  to  fly  sat] 
factorily,  but  there  is  always  a  doubt  as  to  whether  its  design 
the  best  possible — perhaps  a  dlfTerent  curve  would  be  preferable  i 
a  little  less  surface  would  give  better  results. 

Usual  Method.  One  of  tlie  methods  now  generally  used  i 
making  ibis  selection  consists  of  taking  the  curve  that  shows  t 
highest  available  lift-drift  ratio  and  finding  the  area  by  means  < 
the  formula 

in  which  W  is  the  weight  of  the  machine  fully  loaded;   Ky  \s  t 
highest  lift  coefficient;  V  is  the  minimum  speed  expected  in 
per  hour;  and   S  is  the  surface,  or  area,  sought.     It  is  general 
assumed  that  the  .section  thus  chosen  is  the  best  becau.se  It  s 
the  highest  lift-drift  ratio,  but  no  fair  test  of  the  combination  I 
available  until  the  characteristic  curves  for  the  aen)plane  are  drawl 
Moreo\'er,  to  draw  such  curves  for  several  combinations  of  s 
and  area  would  involve  a  great  deal  of  work  and  then  the  c 
parison  would  Ix-  rather  difficult. 

Roche  Method.    Statemeiil  uf  Frublaii.     Since  the  method  jui 
described  has  serious  disadvantages,  a  method   which  the  f 
(Mr.  Itoch^)  has  found  both  simple  and  satisfactory  will  be  her 
demonstrated.     In  general,   the   problem   presented   is  i 
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specifications  require  with  a  given  power  plant  a  certain  climbing 
mil,  u  given  speed  range,  and  the  ability  to  carry  a  certain  useful 
:«!.  Tliere  are  seven  variables  to  be  considered,  viz:  A'j-,  A';/. 
I.  i ,  iS,  P,  and  ir,  iind  they  are  related  as  shown  by  the  equations 

inirhich  Kx  U  the  drift  coefficient;  A  is  the  area  of  an  imaginary 
tquare  plate  the  air  resistance  of  which  would  he  equal  to  that  of 
iH  the  structural  parts  of  the  machine,  or  to  the  parasite  resistance; 

K  is  the  coefficient  for  A,  or  0.00328  — ^-'-^ — -p^ ;  P  h  the  power 
sq.ft.  Xm.p.h. 

iviHable  in  pound-miles  per  hour;  and  V,  S,  W,  and  Ky  have  the 

Dttnin^  previously  assigned  thera.     By  transposition  and  cancel- 

Isiion  the   foregoing  equations  result  in   the  following  cijuations: 

j.^      P      KA 

dumciing   Equations.     It  now  heroines  necessary  to  apply  to 

'^|>  rqiiutions   the   factors  that  will   make   them  yield   results   iu 

"iris  of  tlie  desired  units  and  those  that  will  compensate  for  the 

'■ll'iwing:  a.'>pect  ratio,  reduction  of  size  and  wind  velocity,  and 

inicrfefence,  or  biplane  effect.     All  possible  care  must  be  exerdsed 

'"  sfltttiiig  these  coefficients  as  they  will  be  different  for  different 

Bnf  machines — the  following  are  not  chosen  with  any  particular 

*  in  \iew.     Some  valuable  indications  of  these  coefficients  may 

Slound  in  Loening's  "Military  Aeroplanes"  and  in  Kiffel's  books. 

Eiffel  recommends  that  the  area  be  multiplied  by  1.1  to  allow 

f  the  greater  efficiency   of  large   planes  moving  at  high  speed. 

Ttaita  may  also  be  multiplied  by  1.08  to  allow  for  the  greater 

Kiicy  uf  the  aspect  ratios  commonly  used.     Finally,  Ky,  being 

\  by  interference,  can  be  multiplied  by  0.9.     The  equations 

f  corrected  become 

Asr= 


1.08X1. IX0.9XSI''    i.07.sr= 

P KA        _      P  KA 

MX1.08X5P    1.1X1.08XS    1.19SF^    1.19S 


a 
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It  would  be  more  sccuiate  to  apply  these  correcdons  to 
characteristic  curves  of  the  wing  sections  tested;  however,  the  ei 
of  this  method  is  slight  and/  since  the  same  error  is  introducec 
all  esses,  the  value  of  the  method  is  not  impaired  for  purpose; 
comparison. 

Selection  Diagram.  Con^der  the  graph  of  these  equatit 
F^.  31,  in  which   Kx  is  plotted  against  A'y  for  various  values 
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r  and  for  assumefl  constant  values  of  S,  W,  P,  and  A.  T 
that  these  equations  give  the  values  of  A'^  reqiiirrd  to  fly  and 
values  of  Kx  amilahle  at  various  velodties  (values  of  V).  l 
also  that  the  effect  of  the  second  tenn  of  the  Kx  equatio 
merely  to  subtract  a  constant  amount  from  the  Kx  which  w 
be  available  were  there  no  head  resistance.  This  amount  dep 
only  on  A  and  S  and  its  value  is  read  on  the  Kx  scale  of 
diagram.    The  effect  of  this  tenn  is,  then,  to  displace  the  oi 
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to  the  right  along  the    Kx  axis.     In  order  that  this 
My  easily  lie  |(x»ted  for  any  possible  value  of  .-1,  which  will 
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■  vary  according  to  the  dimensions  of  the  machine,  and 
[  ^'B]uea  of  S  under  consideration,  a  set  of  lines  is  drawn  as 
I  on  the  lower  left-hand  comer  of  the  wing  selection  diagram. 
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I  the  origin  thus  located  for  any  given  conditions.  Using 
1,  the  Ky  values  are  unchanged,  but  the  new  Kx  values 
t  remain  to  drive  tlir  wnne*  nlonc  liiroiiKii  thi 
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Polar  CuTvea  of  Teattd  Wing  Sections.  Now  consider  th- 
curves  of  certain  tested  wing  sections,  Figs.  32,  33,  34,  a 
Tliese  curves,  first  devised  by  Eiffel,  seem  by  far  the  most 
ious  method  of  representing  the  characteristics  of  a  wing  t 
and  it  is  strange  that  they  have  not  been  more  widely  used 
country.  Polar  curves  can  be  derived,  however,  from  anj 
characteristic  curves  avwlable,  or  foreign  polar  curves  can  be 
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lated  to  the  desired  scale  of  units  and  size.  Note  that  these 
give  the  A>  required  by  the  section  to  move  through  the 
variouH  angles  and  the  Ky  arailahle  with  the  section  if  it  i; 
to  travel  at  various  incidences. 

Solution  (if  Problem.    Combining  the  data  secured  frt 
selection  tliagram  and  the  polar  curves 

Kx  available—  Kx  required  -  Kx  excess 
Ky  available-  Kjf  required*  Ky  excess 
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A'*  excesaX. 41"*= excess  powt-r' 
A'y  excpssX. 'II'' =  excess  lifting  capacity,  nr  extra 
load  which  can  be  carried 

J&rexce^XlUO               ^    , 
— ;r —     .,  ■  ■ —  =per  cent  of  excess  power 
Kx  available       '^                            ' 

A'yexcessXlOO               ,    ,            .... 

A'y  available       ^'  '''"*  "^  '"'*''  '''*'"^  ^P"""'*^ 
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TABLE  I 
Data  for  Selection  of  Wing  Area  and  Section  by  Roche  Meth 


jr 

tr% 

For  250  Sq.  Ft 

V 

v* 

K» 

E  Vi 

J 

H.P.  X^ 

Kz 

/ 

30 

900 

27000 

35 

42.0 

0.001962 

0.01 

40 

1600 

64000 

40 

48.0 

0.000946 

O.OC 

50 

2500 

125000 

55 

66.0 

0.000666 

O.OC 

60 

3600 

216000 

62 

74.4 

0.000435 

O.OC 

70 

4900 

343000 

68 

81.6 

0.000300 

O.OC 

80 

6400 

512000 

73 

87.6 

0.000216 

O.OC 

90 

8100 

729000 

77 

92.5 

0.0001602 

O.OC 

100 

10000 

1000000 

78 

93.6 

0.0001182 

O.OC 

110 

12100 

1331000 

77 

92.5 

0.0000876 

O.OC 

120 

14400 

1728000 

73 

87.6 

0.0000640 

O.OC 

For  350  8q.  Ft. 

For  450  Sq.  Ft 

V 

Ax 

Loaded  Ky 

Light  Ky 

Ax 

/ 

30 

0.001402 

0.00742 

0.00565 

0.001088 

O.OC 

40 

0.000676 

0.00417 

0.00318 

0.000525 

O.OC 

50 

0.000476 

0.00267 

0.00203 

0.00037 

O.OC 

60 

0.000311 

0.001854 

0.00141 

0.000241 

O.OC 

70 

0.000214 

0.001362 

0.001037 

0.0001665 

O.OC 

80 

0.001043 

0.001043 

0.000794 

0.00012 

O.OC 

90 

0.0001144 

0.000825 

0.000627 

0.000089 

O.OC 

100 

0.0000844 

0.000667 

0  000508 

0.0000657 

O.OC 

110 

0.0000625 

0.000551 

0.000420 

0.0000486 

O.OC 

120 

0.0000455 

0.000463 

0.000353 

0.0000355 

O.OC 

IllvMrative  Example,    The  foregoing  method  can  at  oi 
illustrated  by  means  of  an  example: 

Let  W  be  the  weight  of  the  machine  complete  with  load,  or  25(X) 
and  h.p.  the  horsepower,  or  120,  available  with  variable  efficiency.     Ai 
various  values  for  F,  we  can  tabulate  values  for  Ky  and  Kx  for  values  of 
us  try  250,  350,  and  450  square  feet  and  then  plot  the  curves  of  Kx  in  fun 
A' J/,  marking  on  the  curves  the  velocities  for  which  these  coefficients  occui 
will  constitute  the  wing  selection  diagram.  Fig.  31.     In  the  illustration  a 
also  given  for  350  square  feet  and  19CX)  pounds  to  simulate  an  empty  fuel 
order  to  show  the  condition  of  ffight  when  the  machine  is  light.     The 
waves  in  these  curves  are  due  to  the  variable  efficiency  assumed  for  th< 
plant,  as  it  is  evident  that  this  increases  from  zero  when  the  machine  is  s 
still  to  a  maximum  value  when  the  machine  is  flying  near  its  maximum  sp 
then  decreases  again.    If  the  efficiency  were  constant,  these  curves  wou 
the  simple  form  X  =  CK^*-|-C,  which  is  a  parabola. 

E  is  the*  assumed  efficiency  of  the  power  plant,  while  h.p.X^  is  th 
available. 
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TABLE   II 
Keadings  from  Wing  Sclecton  Diagram 


«mIoa 

HlCn 

Splbd 

Low 

9FEI0 

Bin  auoii 

Exc 

EUPO 

•„ 

' 

|.. 

p 

^, 

i. 

niirt- 

^ 

^, 

Glidf 

. 

2sa 

R3fl 

34 

.'.(in 

I'M 

BO.S 

"t 

12,5 

ain 

^t 

22.2 

U.Voi 

asflp 

77  0 

'■!( 

4.s;i 

Srt,.'i 

7i 

11  7S 

MO 

Hi 

32.0 

H.'UII 

770 

4'.^'/ 

Vi 

4!l.'i 

'M 

1 1  VJi 

4/.S 

HI 

51-0 

4au 

71,5 

li 

42.U 

1(1 

53.0 

B 

11,1 

4H.0 

8 

39.0 

lan 

Win 

4 

(11  n 

1,1* 

77  0 

(I 

i;ifl 

75  0 

7 

15.0 

WNo-K 

Ktn 

;{ 

fkiO 

)1 

(Kill 

6) 

27.3 

:)Wi 

87,(1 

1} 

4;tii 

17 

.W,ft 

« 

11, 7?! 

,W,0 

6J 

47.4 

450 

80.0 

44,0 

15 

59,0 

5i 

11.0 

55.0 

61 

35.0 

2flO 

R5,0 

21 

mo 

la* 

72.0 

5 

lai 

69,0 

7 

15,0 

ldNo.3( 

SWF 

70  0 

1 

4S5 

t4 

7:io 

a 

\?,n 

T/f) 

5 

22.3 

;t»ti 

Hill 

-h 

41  ft 

tfi 

Mil 

5 

IV  II 

h\  II 

SI 

47.5 

450 

74.0 

I 

42.7 

14 

56,0 

41 

11. -25 

53.0 

Si 

35,4 

nan 

?\ 

n7n 

n 

(^7  0 

(1 

!??,'> 

(>7  0 

7 

23.0 

fclNa.3f 

:«oh 

«0.0 

1 

47, fi 

14 

5(1,(1 

tl 

1 1 ,2.1 

56,11 

7 

34.0 

asni 

M.O 

-* 

4:*n 

Id 

49  S 

ri 

ll.Sft 

49,0 

7 

52.0 

4W 

77.0 

42.0 

14 

52,0 

5 

10.62 

bu.o 

61 

40.0 

'Dir  values  in  Table  1  can  be  obtained  by  means  of  a  aliilc  rule  or  by  the  use 
'  figi  37,  38.  and  39. 

TW  inbulnlioii  could  be  further  improved  by  chunninn  the  weight  for  each 
i-'ji'dt  arpa,  as  would  be  the  caw  in  practice.  The  eftect  of  tliia  would  be  to 
'  iiifthe  mttirmttrs  of  paints  on  the  diagram  closer  together.  To  carry  the  exam- 
I'  limha-,  four  approved  polar  curves,  Figs,  32,  33,  34,  and  35,  drawn  to  the 
Miir  Kale  aa  the  diagram,  are  pruvided  with  the  selection  diagram  auperposed- 
J\\ii  Ihii  (Uta  at  hntid,  the  (tb»ervalions  can  be  arranged  as  in  Table  II. 

I  Tke  sclwtion  <iin  now  be  made  accordiag  to  the  results  desired 
li  proper   reganl   for   the   structural   qualities   of  the   sections. 
fewest  wing  for  the  purpose  will  thus  have  been  selected  by  an 
iwic  method  and  a  performance  curve  can  be  drawn. 
I  Th'«    method    makes    it    possible    to    visualize    the    effect    of 

I  the  various  factors,  as  follows: 
I  (1)  Since  Ky  is  not  dependent  on  P,  equal  velocities  attain- 
p  with  various  horsepowers  for  a  given  area  and  weight  will  lie 
;  horizontal  line,  that  is,  if  the  power  be  changed,  the 
I  will  vary  proportionately. 
'  f2)  Since  Kx  does  not  depend  on  W,  equal  velocities  for  a 
''"1  area  And  power  will  lie  on  the  same  perpendicular  foOj^H 
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values  of  W,  that  is,  if  the  weight  he  changed,  the  ordinal 
vary  proportionately. 

(3)  A  tangent  drawn  to  a  polar  curve  from  the  origin 
diagram,  Fig.  36,  will  show  by  its  point  of  contact  the  v, 
incidence  for  the  best  gliding  angle  and  on  the  same  hoi 
line  we  read  the  corresponding  speed,  the  slope  givii^  the  v 
the  best  gliding  gradient. 


(4)  The  small  diagram  in  the  lower  part  of  the  chart  ? 
shows  how  parasite  resistance  cuts  down  the  speed  and 
power  and  indicates  its  relative  importance  on  machines  o 
and  small  area. 

The  accuracy  of  the  performance  promised  by  this  i 
depends  upon  the  accuracy  with  which  the  head  resistant 
power  available,  and  the  correction  factors  have  been  deter 
The  accurate  selection  of  each  one  of  these  presents  a  prob 
itself. 
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Types  of  Wing  Curves 

F«ct«s  Influencing  Wing  Curves.  One  of  the  most  important 
'wtributiona  of  aerodynamic  research  to  the  art  of  aviation  has 
**"  the  determination  of  wind  characteristics  and  the  standardiza- 
tion of  certain  types  of  wing  curves  for  given  classes  of  service. 
P'^  querj'  often  heard  as  to  what  constitutes  the  l>est  wing  curve 
"  equivalent  to  asking,  "What  is  the  best  form  of  hull  for  a  ves- 
*"'  Naturally,  there  can  be  no  one  best  form,  generally  speaking. 
"le  most  effident  hull  for  a  cargo  carrier  would  not  be  desirable 
'« a  mdng  motor  boat,  and  this  is  equally  true  of  the  aeroplane 
"i"!  curve.  The  huge  bombing  planes  are  the  cargo  carriers  of  the 
*f|  Mid  the  wing  curve  which  enables  them  to  transport  heavy  loads 
^oold  not  be  particularly  efficient  on  the  high-speed  pursuit  machine. 

An  analysis  of  the  aeroplane  reveals  that  it  is  nothing  more 
"■w  a  highly  developed  form  of  kite  in  which  the  pull  of  the 
"**»  ia  substituted  for  that  of  the  string.  For  a  certain  amount 
'•  PuD  on  the  latter,  kno\i-n  as  the  drift,  the  kite  can  be  made  to 
'■ft  8  certain  amount  of  weight,  depending  on  the  lift  developed  by 
'^  xnAwe  owing  to  the  angle  at  which  it  is  held  against  the  wind. 

■Ky ..  /«.v 
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Following  out  this  analogy,  the  most  efficient  kite  is  the  9ne  that 
will  produce  the  greatest  lift  for  the  least  pull.  Hence  the  most 
efficient  wing  curve  is  the  one  that  will  produce  the  maximum  lift 
with  the  minimum  drift. 

Qeneration  of  Lift.  To  enable  the  kite  to  lift  a  weight,  its 
surface  must  be  held  at  a  broad  angle  to  the  oncoming  wind  in 
order  that  the  latter  may  exert  the  maximum  upward  pressure  on 
the  kite  surface.  This  is  equally  true  of  the  aeroplane  wing, 
except  that  instead  of  being  flat  like  a  kite  it  has  a  scientifically 
developed  form  which  not  only  produces  the  maximum  amount  of 
wind  pressure  on  its  lower  surface  but  further  increases  the  efleo* 
tive  pressure  by  decreasing  the  wind  pressure  on  its  upper  surface. 
To  secure  this  maximum  upward  pressure  is  the  function  of  the 
camber  of  the  lower  surface,  while  the  partial  vacuum  produced 
above  the  upper  surface  by  its  curvature  greatly  increases  the  effect 


Fig.  40.     Weight-Carrying  Type  of  Wing,  Showing  Air  Reaction 

of  the  pressure  from  below.    In  fact,  it  is  one  of  the  strange  anom — 
alies  of  the  scientific  development  of  the  aeroplane  wing  that  thc^ 
upper  surface  may  be  made  to  generate  the  greater  proportion  of 
the  lift,  this  being  true  particularly  when  the  ydng  is  held  at  a- 
high  angle  of  incidence.     The  reason  for  this  is  evident  from  Fig.  40, 
which  shows  a  deeply  cambered  wing,  such  as  is  required  for  the 
weight-carrying  t>T)e  of  aeroplane.     The  curvature  of  the  wing  at 
the  leading  edge  deflects  the  oncoming  stream  of  air  upward,  and  the 
high  angle  of  incidence  at  which  it  is  fixed  holds  the  remainder  of 
the  upper  wing  surface  well  below  this  upward  streaming  current 
of  air.    This  decreases  the  normal  downward  pressure  that  would 
otherwise  be  at  its  maximum  on  the  upper  surface  of  the  wing  and 
corespondingly  increases  the  amount  of  lift  generated  by  the  upward 
pressure  from  below. 

Wing  Types  Compared.    To  produce  the  maximum  lift,  as 
required  for  a  weight-carrying  machine,  the  wing  surface  must  be 
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hdd  at  a  high  angle  of  incidence,  and  a  deeply  cambered  wing 
surface,  Fig.  40,  is  the  most  efficient.  Why  this  same  curve  is  not 
equally  eflSdent,  when  speed  is  the  chief  thing  desired,  is  evident 


Q. 
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Fig.  41.     Bow  Wave  Cauaed  by  Heavy-Lift  Type  at  Low  Angle 

of  Incidence 

from  the  disturbance  it  creates  in  the  air  current  when  it  is  at  a 
low  angle  of  incidence,  Fig.  41.    To  obtain  the  maximum  speed, 
the  angle  of  incidence  must  be  greatly  reduced,  and,  when  this  is 
done  with  the  wing  curve  in  question,  the  air  banks  up  in  front  of 
tlie  wing  in  much  the  same  manner  as  the  broad  bow  of  a  freighter 
piles  up  a  wave  that  seriously  retards  its  speed.     By  decreasing  the 
Migle  of  incidence  of  this  wing,  its  lift  has  been  greatly  decreased, 
but  its  speed  has  not  been  increased  in  proportion.     It  is  a  cargo- 
earning  t>7)e,  and,  no  matter  how  great  an  increase  is  made  in  its 
driving  power,  it  does  not  slip  through  the  air  easily. 

To  obtain  speed,  the  A\'ing  curve  must  be  designed  to  slide 
^ugh  the  air  at  a  low  angle  of  incidence  \vith  the  minimum 
resistance,  which  naturally  involves  the  elimination  of  any  bow 
^ve.  A  wing  of  this  type  is  illustrated  in  Fig.  42.  As  shown  by 
the  fines  of  the  air  current,  its  resistance  has  been  greatly  decreased 
out  its  lift  has  also  suffered ;  in  other  words,  its  lift  per  square 
foot  may  not  be  more  than  one-half  that  of  the  deeply  cambered 
^^^*e.   But  by  increasing  the  lifting  surface  (area  of  the  wing),  the 


Fig.  42.     Speed  Type  of  Wing  Curve.  Showing  Effect  of  Strcam- 

Line  Form  at  Flat  Angle 

DJwimum  lift  of  the  wing  with  the  speed  t^-pe  curve  may  be  made 
to  equal  that  of  the  high-lift  curve  with  a  lesser  surface,  so  that,  by 
increasing  the  driving  power,  a  much  higher  maximum  speed  is 
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procured  and  the  necessarily  low  landing  speed  is  still  retained.    This 
is  the  expedient  resorted  to  in  designing  an  aeroplane  that  will  fly 


Fig.  43.     Typical  Wing  Sparring 

at  a  maximum  speed  of  130  to  140  miles  per  hour  (m.p.h.)  but  that 
can  be  landed  at  a  speed  of  40  to  45  m.p.h.;  in  other  words,  the 


Fig.  44.     Approxiinate  Section  of  AviaUk  Wing,  Showing  Location  of  Spam 

so-called  speed  range  is  increased  by  adopting  a  wing  curve  specially 
designed  to  fly  at  high  speeds  and  by  giving  it  the  necessary  lift  by 
increasing  the  amount  of  supporting  surface  and  the  driving  power. 
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Fig.  45.     PUfFel  Standard  Wing  Curve*  (Numbers  are 
Eiffel  Deeignationa) 

Standard  Types.    The  standard  form  of  construction  for  aft 
plane  wing  is  a  structure  consisting  of  two  main  spars  paraDcl 
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Fig.  40.     Royal   Aircraft  Standard   Wing  Curves 
(Numbere  are  R.A.F.  Designations) 


ith  its  leading  edge  and  a  number  of  ribs  at  right  angles  to  these 

pars.    Fig.  43  illustrates  the  usual  location  of  these  main  spars  in 

rencfa,  British,  and  Amer- 

3Ln  aeroplanes.     In  con- 

rast  with  this,  the  German 

wilders  generally  place  the 

orward  spar  very  dose  to 

lie  leading  edge  and  the 

tar  spar    some    distance 

orward  of  the  trailing  edge, 

18  shown  by  the  section  of 

tn  Aviatik  wing,  Fig.  44. 

The  Eiffel  laboratory 
a  Paris  was  the  pioneer  in 
Aandardizing  wing  curves 
tor  dififerent  types  of  serv- 
ice, and  its  lead  has  been 
followed  by  the  Royal  Air- 
craft Factory  in  Great  Brit- 
Mn  and  the  U.S.A.  Signal 
Corps,  which  has  jurisdic- 
tion over  military  aviation 
in  this  country.  Some  of 
the  Eiffel  standard  wing 
Offves  are  shown  in  Fig.  45, 
*tti  some  of  the  Royal 
Aircraft  Factory  standard 
^curves  are  illustrated 
in  Fig.  46.  Neither  these 
nor  the  following  curves 
ve  accurate  presentations 
to  scale  but  are  simply 
ipproxiinations  to  illustrate 
the  distinction  between  the 
Virious  forms. 

U.S.A.  Curves.    All  the  American  standard  wing  curves  sYvow 
I  heavy  camber  on  the  upper  and  lower  surfaces  so  modified  ai\d 
^liiMuSly  handled  that  an  increase  of  lift  is  obtained  witb'^"  "       -t\- 


Fig.  47.     U.S.A.  Standard  Wing  Curves  (Numbers 
are  U.S.A.  Designations) 
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fidng  eflBdency.  The  U.S.A.  No.  1,  Fig.  47,  has  a  lift  coefficient 
of  0.00318  and  a  lift-drift  ratio  of  17.8,  while  the  U.S.A.  No.  5 
shows  the  unusually  high  lift  coefficient  of  0.00364.  like  the 
R.A.F.  No.  3,  which  has  a  Hft  coefficient  of  0.00347,  this  curve  is 
intended  especially  for  heavy  machines,  such  as  seaplanes  and  fly- 
ing boats.  For  pursuit  machines,  in  which  high  speed  is  the  most 
important  factor,  the  U.S.A.  Nos.  1  and  6  are  designed.  No.  1  has 
a  better  landing  speed  than  No.  6,  while  the  latter  is  more  efficient 
at  low  angles  of  incidence  and  high  speeds.  Nos.  2  and  3  are  gen- 
eral purpose  curves  similar  to  the  R.A.F.  No.  6. 


Stagger  and  Camber  of  Biplane  Wings* 

Introduction.  By  staggering  the  wings  of  a  biplane,  that  is, 
placing  the  upper  one  slightly  forward  of  the  lower,  an  increase  in 
efficiency  of  approximately  5  per  cent  is  obtained  in  addition  to 

the  advantage  of  permitting  the 
observer  a  clear  view  downward. 
In  the  following  excerpts  from 
UAerophile  (Paris)  a  brief  r^sum^ 
of  the  experimental  research  by 
which  this  fact  was  determined  is 
given.  Six  series  of  experiments 
are  covered,  representing,  respec- 
tively, the  findings  of  French,  Brit- 
ish, and  German  scientists.  In  the 
references  to  the  accompanying  illustrations  giving  the  results  of 
these  experiments,  the  symbols  have  the  following  significance: 
Kya  indicates  the  vertical,  or  7,  component  of  the  air  coefficient 
when  the  inclination  of  the  surface  is  a;  AVa  denotes  the  horizontal, 
or  X,  component  for  the  inclination  a;  and  RyoL  denotes  the  lift. 

Eiffel  Experiments.  In  the  first  series  of  experiments  made  by 
Eiffel,  w-ings  of  the  Dorand  camber  were  employed.  Fig.  48.  The 
gap  between  the  wings  represents  0.9  of  the  chord  of  the  surfaces, 
and  the  tests  showed  that  when  the  wings  w^ere  staggered  so  that 
the  upper  wing  was  placed  forward  -^^  of  the  gap  an  increase  of 
the  lift  coefficient  Kyo:  of  from  6  to  10  per  cent  resulted  but  the  ratio 

*Ezcerpts  from  an  article  by  P.  A.  0.  Kauffman  in  VAeropfdU*  Paria. 


KxO[    __   Kxo\ 
Rv<H  Max  =  Ry<x  Max 

Fig.  48.     Dorand  Wing  Sections. 
Eiffel  Experiments 
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TT —  as  weQ  as  the  maximum  value  of  Rya  remained  the  same,  so 
Kya 

that  no  great  practical  advantage  was  obtained  in  this  particular 
instance.  In  a  previous  series  of 
experiments,  M.  Eiffel  tested  a 
biplane  model  consisting  of  two 
surfaces  90  by  15  centimeters  of  cir- 
cular curvature  ha\ing  a  camber  of 
of  the  chord  and  a  gap  I  greater 


13-5 


than    the    chord    itself.      The   upper     ;Fig.  49.     circular  Wing  section.  Camber 


surface  was  placed   foni-ard  a  dis-  ^''^■^-   ^^'^  E-perimcnu 

tance  equivalent  to  its  chord  in  one  instance  and  to  one-half  this 

distance  in  another.    The  ratio  77 —  became  greater  than  that  of  a 

Kya 

biplane  having  no  stagger  only  when  the  value  of  the  lift  coefScient 
Kya  was  greater  than  0.066,  and,  under  these  conditions,  the 
improvement  increased  with  the  amount  of  stagger.  The  maxi- 
mum value  of  Kya  was  increased  by  5  per  cent  when  the  stagger 
was  equivalent  to  i  of  the  chord  and  by  10  per  cent  when  the 
stagger  was  equal  to  the  chord.  The  camber  of  the  wings  employed 
in  this  experiment  is  shown  in  Fig.  49. 

N.P.L  Experiments.  With  Bleriot  type  wings  having  an 
aspect  ratio  of  4  to  1,  the  National  Physical  Laboratory  (Great 
Britain)  experiments  showed  an  increase  of  5  to  6  per  cent  in  the 
lift  coeflBcient  and  an  improvement 
in  the  lift-drift  ratio  of  1  to  4  per 
cent  when  the  upper  wing  surface 
was  placed  forward  of  the  lower 
an  amount  equivalent  to  ^^  of  the 
gap,  which  equaled  the  chord, 
Fig.  50. 

Qottingen  Experiments.  A 
more  extensive  series  of  experiments 
carried  out  by  the  ^Gottingen  labo^ 
ratory  included  variations  of  the 
inclination  of  surfaces,  Fig.  51.  In  these  experiments,  the  upper 
surface  was  first  placed  forward  of  the  lower  one;  then  exactly 
above  it;,  and  then  behind  it.    In  each  position,  a  series  of  experi- 


Ky<\  Max  <  Kyo^  Max 

Fig.  5().     Bleriot  Wing  Scctiona. 
N.P.L.  Experiments 
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ments  was  uvuAk,  in  which  the  lower  surface  had  with  reference  t« 
the  upper  surface  inclinations  of  +2  degjees,  0  degree,  and  -2 
degrees,  respectively.  The  amount  of  longitudinal  stagger  was 
+  ! ,  0,  and  —  3 ,  respecti  vcly ,  of  the 
gap,  which  was  equal  to  the  chord, 
the  curvature  of  the  wings  having 

I    1  !  , —         a  camber  Jn  of  the  chord  in  the 

t    i^tffe^rrr^ lower  surface  and  iV  of  thechoni 

in  the  upper  surface.  When  the 
wings  were  directly  abo\e  each 
other,  that  is,  when  there  was  no 
longitudinal  stagger,  no  improve- 
ment was  obtained  by  giving  a 
greater  inclination  to  the  lower  surface.  In  full  ^ze  machines, 
however,  an  improved  lift-drift  ratio  is  shown  by  the  adoption 
of  this  expedient.  \W\ea  the  upper  surface  was  staggered  forward, 
the  angles  of  incidence  of  both  surfatres  remaining  the  same,  no 
improvement  was  obtained  but  the  lift  coefficient  was  increawd 
8  per  cent,  Fig.  52.  However,  when  the  upper  surface  was  stag- 
gered forward  at  an  incidence  greater  than  that  of  the  lower 
surface,  there  was  a  gain  only  when  the  value  of  the  lift  coeffi- 
dent  was  equal  to  or  greater  than  0.055,  this  result  being  cod- 
trary  to  the  apparent  results  from  a  study  of  the  Sopwith  (Britbh), 
Nieuport  (French),  and  Deutsch 
Flugenwerke  and  Luftvere 
Gesellsch£ft  (German)  bipIaM 
In  addition,  the  Gottingen  exp< 
ments  showed  that  the  ir 
lift  coefficient  for  staggeretl  sm 
faces  is  9  per  cent  greater  than  i 
the  biplane  without  -staggered  su^ 
faces  and  4  percent  greater  than  in 
the  monoplane,  a  result  that  at  fint 
m-,™  I..,,,  ■,:  .,  ou,  ;  ./«-  ^.^j^^  might  appcaf  ostonishinft. 
Influence  of  Surfaces  on  Each  Other.  In  accordance  with  tbft 
experiments  of  the  French  laboratory,  the  top  side  of  the  uppCf 
biplane  wing  is  not  influenced  by  the  lower  wing-  It  can  accord^ 
iogl}'  be  regarded  as  the  top  surface  of  a  monoplane  wing  and  I 
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pven  a  cur\'ature  similar  to  that  employed  fur  monoplanes,  that  is, 
(lilt  with  a  camber  l>ing  between  i^o  and  |  of  the  chord.  But  the 
rmder  side  of  the  upper  wing  and  the  top  side  of  the  lower  wing 
;  rluence  each  other.     This  inter- 

■  rente  may  be  considered  as  act- 

u;;   in   two    ways:   it  diniinishes 


A'yat;  and  it  increases 


KycL- 


It  i: 


ihe  latter  effect  that  it  is  impnrUint 
"  >  ^uppres.s,  since  a  small  decrease 
<f  Kyx  is  ne);Iif:ib]e  at  small  incli- 
[iitlions  and.  in  fact,  may  even 
prove  an  advantage  if  Kxct  ran 
he  decreaaeci  at  the  same  time 
and  ta  a  similar  manner.    Indeed,  at  small  angles  of  incidence,  a 

d«TMse  of   Kua  for  the  same  angle  and  for  the  same  ratio  ^=— 

fi\-es  a  more  flexible  polar  curve.  Fig.  M,  since  the  maximum  value 
of  this  ratio  is  reached,  in  general,  at  angles  of  2  to  5  degrees  with 
a  Ml  eoefficient  lying  between  0.02  and  0.04;  the  Gottingen  experi- 
ments   show   an  increase   of   A',i/a  ■minimvm  at   larger  angles  and 

increase  of  the  ratio    ,- —  for  a   Kxx  greater  than  0.05  for  a 


■  2-degree 


biplane   with  the  upper  wing  staggered  forward  with 

angle.  Fig.  54.     At  great  angles   Km  and  Ky<x 

are  the  same  for  a  given  angle. 

Reducing    Interference,     To    cut   down    the 

amount  of  interference  between  the  under  side  of 

the  upper  wHng  and  the  top  side  of  the  lower  i\'ing, 

the  camber  of  the  sides  facing  each  other  may 

be   \'sried.     In  doing  so,  it  must   be   borne  in 

mind  that  Mr  in  passing  over  a  convex  portion 

— the  top  side  of  a  wing,  for  example — increases     '"'hi^^oiB^"."  iir^Ki"' 

its  speed,  while   in  passing  over  a  concave  por-  ""'' '"' 

BjjttDD — such  as  the  under  side  of  a  wing — it  reduces  its  speed   to  a 

^BMU>lted  decree.     Consequently,  if  an  increased  camber  is  given  to  the 

'  ^  trndcr   side   of   the   upper   wing,   a   considerable   mass  of   air   will 

lii-reby  be  retarded,  will  have  its  horizontal  speed  reduced,  and, 
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Fig.  55.     Caudron  Flexible 
Wing  Sections 


in  addition,  will  take  on  a  downward  movement.  As  a  result,  this 
mass  of  air  will  then  produce  considerable  interference  with  the 
lower  wing.    On  the  other  hand,  if  the  under  surface  of  the  upper 

wing  be  flat  or,  still  better,  cambered 
in  the  reverse  direction,  so  that  it  is  con- 
vex instead  of  concave,  the  flow  of  air 
will  be  facilitated  or  an  increased  speed 
may  even  be  imparted  to  it.  Making 
the  under  surface  of  the  upper  wing  flat 
or  convex  accordingly  tends  to  increase 
the  efficiency  of  the  top  surface  of  the 
lower  wing,  but,  in  th^  latter  case,  a 
certain  amount  of  lift  on  the  under  surface  of  the  upper  wing  is 

sacrificed,  as  A't/a  is  reduced  though  — —  remains  the  same. 

Since  the  top  surface  of  the  upper  wing  is  not  influenced,  there 
is  no  advantage  in  giving  it  a  camber  less  than  that  of  a  mono- 
plane wing;  on  the  contrary,  since  it  has  an  angle  of  attack  2 
degrees  larger,  it  may  be  given  a  greater  camber.  The  under  side  - 
of  the  lower  wing,  not  being  influenced  by  interference,  may  be 
made  to  advantage  with  the  same  camber  as  the  under  side  c»f  a 
monoplane  wing. 

Flexible  Wings.  Caudron.  The  Caudron  biplane  is  of  the 
type  in  which  the  flexible  upper  wing,  not  being  influenced  by 
interference;  effaces  itself  in  the  wind  to  a  greater  degree  than  the 

lower  wing,  whose  Ry<x  is  reduced  by 
the  upper  surface.  Experiments  made  by 
Caudron,  in  which  the  angle  of  attack 
of  the  lower  surface  of  the  upper  wing 
was  increased  by  1,  2,  and  3  degrees, 
respectively,  demonstrated  no  advantage; 

KX!X 

in  fact,   from  4   degrees  the  ratio   =; — 

hy(x 

was  not  so  good.     In  the  case  of  the 

Caudron,  the  angular  stagger  was  automatic  to  a  certain  extent «» 

Fig.  55. 

Breguet.    In  the  earlier  Breguet  machines,  which  were  fitted  witl^ 

very  flexible  wnngs  having  but  a  single  spar,  it  was  necessary  to 


Fig.  66.    Early  Type  of  Breguet 

Flexible  Wing 

Sections 
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ffve  a  greater  angle  of  incidence  to  the  upper  wing  in  order  to 
minimize  the  drift,  Fig.  56.  Owing  to  the  extreme  flexibility  of 
the  wings,  the  amount  of  angular  stagger  produced  automatically 
was  too  great.  Later  Breguet  machines  with  rigid  Things  having 
two  spars  are  given  a  greater  angle  of  incidence  on  the  lower  wing, 
as  is  the  ease  with  the  majority  of  biplanes.  Therefore,  when  flex- 
ible wings  are  employed,  it  is  necessary  to  take  into  consideration 
the  extent  of  this  flexibiUty  and  the  disturbance  which  it  produces 
in  the  incidence  of  the  various  surfaces  when  the  machine  is  in 
flight.  With  flexible  wings,  the  angular  stagger  provided  should 
accordingly  be  small,  zero,  or  negative  to  correspond  to  the  degree 
of  flexibilitv  of  the  surfaces. 

Conclusion.  It  may  be  concluded  as  the  result  of  these  vari- 
ous experiments  that  the  best  practice  is  represented  by  giving 
the  top  side  of  the  upper  wing  and  the  under  side  of  the  lower 
wing  the  generally  recognized  monoplane  camber,  while  the  top 
side  of  the  lower  \ving  should  have  a  curvature  slightly  larger  than 
that  of  the  top  side  of  the  upper  wing.  But  the  under  side  of  the 
upper  wing  should  have  either  no  camber  or  one  that  is  slightly 
negative,  that  is,  convex,  and,  since  the  lower  wing  lags  behind  the 
upper,  it  should  have  a  slightly  larger  angle  of  incidence. 

Swept-Back  Wings'*' 

Aerodynamic  Properties.    To  determine  what  effect  sweeping 

back  the  wing  tips  has  on  the  aerodynamic  properties  of  a  wing,  a 

series  of  tests  was  carried 

/^«— — — — J 

'7 


out  with  models  of  the  type 

VnownasR.A.F.  No.6.  The 

right    and    left    halves    of 

4e  wings  were  swept  back 

0,  10,  20,  and  30  degrees, 

respectively,  to  the  normal 

position,  Fig.  57.    To  iden- 

^fy  the    wings,    they    are 

referred    to    as    No.    /,    0 
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Dia^tim  Showing  Wings  Swept  Back 
Zero  Degree  to  Thirty  Degrees 
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degree;  No.  //,  10  degrees;  No.  ///,  20  degrees;  and  No.  IV,  30 
degrees.    Coefficients  are  given  as  pounds  force  per  square  foot 

*£soerpto  from  an  abstract  of  a  research  by  H.  E.  RoBsell  and  C.  L.  Brand,  assistant 
^^  ASTal  eoostnietofa  at  the  Massachusetts  Institute  of  Technology. 
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per  mile  per  hour  velodty.  The  first  part  of  the  investiga 
deals  with  the  variation  in  the  lift  and  resistance  co^dents 
the  movement  of  the  center  of  pressure  for  the  different  ma 
as  the  angle  of  inddence  changes.  The  wind  velodty  ot  2 
miles  per  hour  of  standard  air  remains  in  the  [^ane  of  the  s 
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metry  of  the  wing.  The  curves  of  the  characteristics  menti( 
for  the  four  wings  are  given  in  Figs.  58,  59,  and  60,  while 
ratios  of  lift  to  resistance  coeflBcienta  are  illustrated  in  Kg.  61 
It  appears  that  a  sweep  hack  of  10  or  20  degrees  is  not  a 
advantage  from  considerations  of  lift  and  re^tance.     There  is,  1: 
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,  no  gwn.     With  a  swetp  hack  of  ^0  degrees,  the  lift  aiefficicnt 
tdutvd  and  the  ratio  of  lift  to  resistaiioe  is  seriously  rediicrd, 

;ver  advantages  from  the  viewpoint  of  lateral  .stahility  i 
1  wings  swept  back  30  degrees  are  Bccorfiingly  counterhal 
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Ul  wing  No.  /  and  for  Xo.  //,  is  reduced  to  12.9  for  No.  IV. 
Center  of  Pressure.  The  movement  of  the  center  of  pressure 
lown  by  the  curves,  Fig.  60,  io  which  it  appears  that  this  is 
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very  nearly  llic  same  for  all  the  wings  tested.  The  movemeni  of 
the  center  of  pressure  gives  rise  to  the  same  degree  of  longitudmal 
instabihty  for  all  tlie  wings.  The  center  of  pressure  is  referred  to 
the  forward  point  of  the  middle  longitudinal  section  of  each  wing, 
and  it  appears  that,  for  a  given  angle  of  incidence,  the  center  of 
pressure  is  thrown  to  the  rear  by  about  0.2  of  the  chord  for  h 
sweep  back  of  10  degrees  and  0.4  of  the  chord  for  a  sweep  back  of 
20  degrees.  Therefore  the  center  of  gra^■ity  of  an  aeroplane  will 
have  to  he  placed  farther  to  the  rear  if  swept-hack  wings  arc  used.. 
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Fig.  BO.    Curve  81 


Rolling,  Pitching,  and  Yawing  Moments.  To  determine  \ 
effect  on  stability  of  sweeping  back  the  wings  to  the  various  a 
given,  another  test  was  made.  The  wing  uncut  was  first  mounted 
horizontally  on  the  balance,  and  forces  and  moments  as  enumo* 
ated  below  were  measured  for  angles  of  yaw  of  0,  5,  10,  15,  20,  29| 
and  30  degrees  in  both  directions,  with  the  angle  of  incidence  s 
successively  at  0,  3,  6,  and  9  degrees.  The  velocity  of  the  wine 
was  kept  constant  at  29.85  miles  per  hour,  the  siime  measui 
bdng  made  with  wing  models  swept  back  10,  20,  and  30  c 
respectively.  The  method  of  manipulating  the  balance  1 
titese  measurements  is  given  in  detaW  m  "Wfc'pciTl  ?&,  T^ 
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jKjrts  of  the  Advisory  Conimittfe  on  Aeronautics,  London,  1912— 

1913." 

It  is  convenient  to  calculate  the  forces  and  moments  about 

moving  axes  fixed  relative  to  the  wing.  These  axes  are  lettered 
OX,  0  Y.  and  OZ.  In  Figs.  62 
and  (>3,  point  0  has  been  located 
at  the  center  of  the  leading  edge 
of  each  wing.  OX  is  the  fore 
and  uft,  ()Y  the  transverse,  and 
OZ  the  normal  axis  of  the  wing. 
When  the  wing  has  zero  incidence 
and  yaw,  the  position  of  the  a 
is  shown  in  Fig.  fi2  by  OXt,  0  )\ 
and  OZj.  Assume  the  wing  to 
be  turned  about  OZi  through  ft 
positive  angle  of  yaw  if-  Thea 
the  axes  will  be  in  the  positions 
0A'„  OY.  and  OZ,.  If  the  wing 
is  given  an  angle  of  incidence 
of  6  about  0  Y,  the  axes  wiH 
swing  into  the  positions  OX,  0  Y, 
and  OZ. 

In  making  the  calculations, 
it  is  easier  first  to  refer  the  forces 
and  moments  to  a  set  of  ax» 
parallel    to   OX.   OY.   and  OZ, 


/^ 


,         [  which  are   designated    as   O'X', 

I  O'Y'.  and   O'Z'.    Tlie  origin  d 

J  these  axes  is  coincident  with  the 

origin  of   the  axes  about  whi<^ 

' x*    the  rolling  and  pitching  momenta 

were    measured.      Forces   alonj 

axes  OX,  0  Y,  and  OZ  are  termed 

AX.  AY,  and  AZ.  A  Wing  tb* 

I'ig  ici    txwnm  f^c.r™iii.ii.*  sisbiuiy     area  in  square  feet  of  the  mode]; 

moments  about  these  axes  are 

referred  to  as  L,   M,   ami   N.      Forces  along  and  moments  aboiil 

atr^^,  or,  ami  O'Z'  ore  represented   by  AX',  A  ¥',  and  Aff 
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and  L\  M\  and  N\     The  notation  used  for  the  measured  forces 
is  as  follows: 

(1)  Force  along  (yZ't  =  Vj — measured  on  vertical  force  lever 

(2)  Moment  about  (yZ't  ^Mg — measiured  on  torsion  wire 

(3)  Moment  about  O'Y'  =  Vp — ^measiured  on  vertical  force  lever 

(4)  Moment  about  O'X'i^  Vr — measured  on  vertical  force  lever 

(3)  Moment  about  an  axis  parallel  to  0'  Y\  and  distant  /  below  it 

= Jf a — ^measured  on  drift  beam 
(6)  Moment  about  an  axis  parallel  to  0'X\  and  distant  /  below  it 

= J/c — measured  on  cross-wind  beam 

The  forces  and  moments  desired  can  then  be  calculated  by  the 
following  equations: 

U=  Vr  cos  O—Mt  sin  6 
Ar=Vp 
N'=VrS\ne-M,co^e 

AX='  —  Vf  sin  6+{Md  cos  0  — 3/c  sin  0—  Vp)  — ^^— 

.  ^     Fr — Mc  COS0  —  Md  sin <t> 
AY^ 1 

AZ  =Vf  cos  e+ {.Mi  cos  <i>  -  M,  sin  <^  -  Fp)  '—^ 

L^L'+cAY 
M=M'-cX+aAZ 
N=N'-aAY 

in  which  a  and  c  are  the  X  and  Z  coordinates  of  the  origin  0  taken 
from  the  axes  O'X'.  O'Y',  and  O'Z'. 

Figs.  64,  65,  66,  67,  68,  69,  70,  and  71  show  the  forces  A',  }', 
^'A  Z  and  the  moments  L,  M,  and  N  plotted  on  angles  of  yaw  as 
absdsaas  for  constant  angles  of  incidence  of  0,  3,  6,  and  9  degrees, 
"spectively.  At  any  angle  of  incidence,  the  chord  of  the  wing  at 
^ts center  coincides  with  the  axis  OX,  In  Fig.  72,  A',  Z,  and  M 
^  plotted  with  angles  of  incidence  as  abscissas  and  with  0  degree 
^  yaw.  The  subscripts  1,  2,  3,  and  4  represent  wings  swept  back 
^'  10,  20,  and  30  degrees,  respectively. 

LonffUudinal  Stability.  For  longitudinal  stability  the  rate  of 
^nge  of  the  quantities  X,  Z,  and  M  w^ith  the  angle  of  incideivce 
detennines  the  so-caUed  resistance  derivatives.    It  appears   itoixi 
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the  observations  made  on  swept-b&ck  wings  that  there  is  no  appre- 
ciable duuige  in  the  slope  of  the  curves  of  X,  T,  and  M  plotted 
on  the  an^e  of  ioddence  for  different  wings.  Fig.  19.  shows  some 
Merence  in  form  for  the  curves  Jtf  plotted  on  the  angle  of  incidence. 
It  must  be  borne  in  mind,  however,  that  the  origin  of  these  curves 
is  It  a  greater  distance  from  the  center  of  pressure  the  farther  the 
vingisswept  back.    A  better  idea  of  the  variation  in  pitching  moment 
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*™i  change  trf  incidence  can  be  obtained  by  plotting  the  curves 
'ith  the  estimated  center  of  gravity  of  the  machine  as  the  origin. 
'1-  60  shows  the  movement  of  the  center  of  pressure  to  be  ver\' 
"fsrly  the  same  for  all  wings.  The  conclusion  is  that  sweeping 
"•di  the  wings  has  no  effect  on  the  corresponding  derivatives  of  A', 
^.  and  M  and,  consequently,  no  effect  on  the  longitudinal  stab\\\l^' . 
It  is  naturaUy  to  be  expected  that  sn-ept-back  wings  may  a\\g\\t\v 
'^asiaae  the  tadiia  of  gyration  for  pitching  &nd  so  affect  the  molvoix 
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indirectly.    Aerodynamically,    however,    no   advantage    is    to    be 
expected. 

Lateral  StabUity.  For  lateral  stability  the  derivatives  affected 
by  the  wings  are  the  rate  of  change  of  Y,  L,  and  N  with  the 
angle  of  yaw.     From  considerations  of  symmetry,  Y,   L,  and   iV 
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Fii.  87.    CurvM  Bhowini  MomenH  on  Swepl-B»dk  Winn  for  Analc 
of  Ipcidtiire  of  Three  Decien  ud  Vuioiu  Antfn  oTVuw 

are  not  affected  by  the  angles  of  roll.  The  cur\-es  of  lateral  fon«  ■ 
1'  g^ve  evidence  of  difficulties  in  experimentation.  The  force  V 
on  the  model  was  approximately  0.004  pound.  It  does  not  appear 
that  there  is  any  consistent  change  in  Y  due  to  sweep  back  wlucb 
can  be  brought  out.  In  any  case,  the  force  J"  is  so  small  that  small 
changes  would  be  negli^ble. 


THEORY  OF  AVIATION 


117 


The  curves  of  yawing  moment  N  with  the  angle  of  yaw  ^ow 
extremely  small  moment,  which  it  was  obviously  impossible  to 
astire  with  3u£Sdent  preciaon  to  detect  changes  between  the 
■ious  wings.  Indeed,  as  in  the  case  erf  the  lateral  force  Y,  the 
xt  of  duuiges  in  N  produced  by  the  wing  is  of  no  account. 
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On  the  other  hand,  the  rolling  moment  L  pro<Uioed  us  the  wtng  is 
)%kA  out  of  its  course  is  large  and  of  the  greatest  importance, 
Mce  it  interconnects  directional  and  ktond  stability,  For  a  nor- 
■ul  wing  flying  at  any  reasonable  angle  of  incidence,  a  deviation 
'n>m  the  oouise  causes  a  small  rolling  moment  tending  to  bank  t\ve 
Mchine  in  a  manner  appropriate  to  making  the  turn.     T\ic  co«p\e 
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may  be  temied  a  natural  banJnng  moment.    This  natural  hanlring 
moment  is  increased  nearly  100  per  cent  if  the  wing  is  swi^  bock 
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only  10  degrees.  The  moment  for  a  sweep  back  of  20  d^;rees  is 
still  greater.  In  view  of  the  structural  difficulties  and  loss  c^  effec- 
tive carrying  nurfare  with  wings  having  a  sweep  of  more  than  % 
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I  degrees,  it  is  natural  to  conclude  that  swept-back  wings  should  be 
1  with  a  sweep  of  10  to  15  degrees. 
Advantages  of  Sweeping  Back.    The  greatest  value  of  swept^ 
k  wings  is  in  case  of  a  side  slip.    If  by  any  accidental  cause  an  aero- 
le  with  swept-back  wings  is  heeled  over,  it  begins  to  side  slip  toward 
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the  low  side.  The  apparent  wind  is  no  longer  from  dead  ahead  but  is 
a  little  to  one  9de  as  compounded  fromthevelodty  of  the  side  slip  and 
the  \-elodty  of  advance.  The  effect  is  the  same  as  if  the  machine  had 
yawed  from  its  course,  and  with  swept-back  wings  the  natural  bank- 
ing moment  becomes  a  much  greater  righting  moment  than  with 
stmgfat  wings.    The  machine  then  has  a  degree  of  lateral  sta\)\VA.V' 
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For  lateral  stability,  swept-back  wings  can  be  made  to  give  a 
righting  couple  without  introducii^;  a  lateral  force  or  yawing 
couple.  The  absence  of  a  yawing  couple  and  lateral  force  b  of 
advantage  if  the  machine  b  to  be  kept  on  its  course  as  it  rolls. 
Naturally,  it  is  purely  a  matter  of  judgment  whether  too  large  a 
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He.  71.   Curvea  Showing  MoRifnd  on  Swrpl.Rai-k  Winn 
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righting  couple  is  disadvantageous.  In  a  gusty  wind,  a  machine  with 
swept-back  wings  will  tend  to  roll  as  side  gusts  strike  it.  This 
may  be  uncomfortable  for  the  pilot,  but  if  his  aileron  control  be 
powerful  he  can  always  overcome  the  roUing  moment  due  to  the 
wings.    Approaching  a  hmding,  this  is  particularly  neceanry.    In 


the  air,  it  would  b^  both  unnecessary  and  fatiguing  to  be  cod 
atantly  on  the  alert  to  overcome  the  natural  rolling  of  the  machin 

A  natural  banking  moment  can  be  obtained  by  the  use  of  < 
vertical  fin  above  the  center  of  gravity  or  by  giving  the  wings  i 
upward  dihedral  angle.  Tlie  equivalence  of  these  methods  h| 
not  yet  been  determined.  These  tests  simply  bring  out  the  Tm 
that  with  a  sweep  back  of  10  degrees  an  appreciably  greater  righi 
ing  moment  may  be  expected  without  any  other  aerod>'nain 
property  of  the  wing  being  changed. 

No  reference  is  made  here  to  the  rotary  derivatives,  or  chang 
in  forces  and  moments  produced  by  angular  velocity.  The  dam[KD 
effect   on    wings   of   such    oscillations   can    hardly   be   appreeiab^ 


I 

I 


Fw,  74.     Vuiiblc  Furn^  ul  Arrulml  Si'CIiune 

affected  by  sweep  back  and  accordingly  this  question  has  not  b* 
investigated.  Fig.  73  shows  some  types  of  aeroplanes  illustrati 
the  use  of  difl'erent  degrees  of  sweep  back. 

Miscellaneous  Considerations 

Variable-Camber  Wings.*  Great  speed  range  is  a  dearahl 
attribute  in  an  aeroplane,  since  it  permits  high  speed  of  trav 
while  in  the  air  and  low  spee<l  while  landing,  whidi,  of  course 
makes  for  s*ifety  if  the  landing  place  be  small  or  rough.  (Makin 
a  safe  landing  even  under  favorable  conditions  is  one  of  the  n 
difficult  things  the  flyer  has  to  learn.)  Great  improvements  i 
be  brought  about  in  the  speetl  range  by  the  use  of  a  vai 
camber  wing  surface,  that  is,  one  in  which  the  form  of  the  s 
is  changed  at  will  by  the  pilot  while  in  flight,  for  example,  fl 
such  a  section  as  .4  to  one  similar  to  D,  Fig.  74. 

Characteristics  of  Two  Sections.     An  aerofoil  such  as  that  abt 
by  section  B,  Fig.  74,  has  a  high  coellicient  of  lift  at  large  ( 
of  attack,  the  angle  of  attack  being  the  angle  between  the  cb( 
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tugent  to  the  lower  surface  and  the  relative  wind.  At  small 
ugles  of  attack  where  the  lift  coefficient  is  low,  this  shape  has  a 
rtbtively  high  re«stance  and  consequently  will  require  greatly 
irnnaed  power  to  drive  it  through  the  air  at  a  speed  high  enough 
hr  the  necfessary  support  The  reverse  is  true  of  sin.*h  a  shape  as 
Alt  shown  by  A,  whidi,  though  the  lift  coefficient  h  i>oor,  has  an 
qipreciably  lower  resistance,  or  drag.  If,  then,  the  section  B  could 
be  utilized  for  low  speed,  as  in  making  a^landing,  and  the  section  .1  for 
bigfa  speed,  the  limits  of  speed  between  which  the  aeropUne  could 
iy  safely  would  l>e  extended.  The  variable  camber  would  permit 
chanpng  the  characteristics  of  the  wing  to  suit  conditions. 
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PfTJoTmance  Curves.  Performance  curves.  Fig.  75,  liii\e  been 
worked  out  for  a  pursuit  machine  hining  a  gooii  aerofoil  (fixed 
camber)  in  common  use  today  and  for  a  machine  with  an  assumed 
x'ariable-camber  wing,  Fig.  76,  both  machines  being  otherwise  sim- 
ilar throughout,  except  that  no  allowance  has  been  made  for  tlir 
[Hvbable  increase  in  weight  of  the  variable-camber  t>pe  due  to  the 
operating  mechanism  and  structure.  The  slow  speed  of  the  fixed- 
camber  wing  aeroplane  is  61  m.p.h.,  which  will  only  permit  landing 
on  an  ideal  field  by  a  very  skilled  pilot.  On  the  other  hand,  the 
variaUe-ounber  machine  would  have  a  minimum  speed  of  .SB  m.p.h. 
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The  curves  show  that  a  higher  speed  can  be  obtained, 
the  same  power,  with  the  variable-camber  wings  than  with  1 
camber  wings,  127  m.p.h.  as  compared  with  120  m.p.h.;  (« 
'  same  speed  can  be  obtained  witli  less  power.  If  the  same 
speed  is  desired,  the  variable-camber  wing  can  have  a  greater 
Allowing  for  increased  weight  due  to  the  added  wing  surface 
vanable-camber  machine  will  then  have  a  slow  speed  of  46  o 
as  agiunst  61  m.p.h.  for  the  fixed-camber  type,  which  will  pi 
its  being  fiown  and  landed  in  an  ordinary  field  by  the  ordii 
skilled  pilot. 

In  calculating  the  values  used  in  the  performance  cu 
I^gs.  75  and  76,  it  was  assumed  that  the  weight  of  the  machine 


1150  pounds  and  that  the  motor  developed  140  b.h.p.    The  li 
power  of  a  wing  is  ^ven  as 

L=KyAV^ 
in  which  L  is  the  lift;  Ky  is  the  lift  ooefiident;  A  is  the  area  o 
wing;  and  ('  is  the  air  speed.  The  lift  coefficient  Ky  varie 
different  attitudes  of  the  wing  relative  to  the  wind  and  mut 
determined  by  experiment.  (Experiments  carried  out  on  m 
in  the  research  laboratories  have  determined  the  values  of  K 
{Hectically  all  the  standard  wings  at  different  ang^  of  incide 
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Similarly,  the  resistance  of  a  vnng  is  expressed  by 

D^KxAV^ 

Kz  being  also  a  variable  coefficient  that  must  be  found  by  experi- 
OMst  The  speed  at  which  the  aeroplane  must  fly  for  any  assumed 
ID|^  of  attack  can  be  found  from  the  lift  formula.  The  lift  in  all 
cues,  (A  course,  is  assumed  to  be  the  weight  of  the  machine.  The 
reastance  of  the  ^ings  at  these  speeds  can  then  be  determined, 
and  the  total  resistance  can  be  found  by  adding  the  parasite  resist- 
ance, that  is,  the  resistance  of  the  body,  landing  gear,  and  similar 
parts.  The  horsepower  required  can  be  calculated  from  the  total 
resistance  and  plotted  against  the  speed.  The  horsepower  available 
b  obtained  by  multiplying  the  efficiency  of  the  propeller  by  the 
brake  horsepower  delivered  by  the  engine. 

The  wings  ordinarily  used  in  the  present  type  of  construction 
are  sho^Ti  in  section.  Fig.  77.  The  weight  of  such  a  rib  for  a 
small  pursuit  machine,  as  assumed  in  the  above  calculations,  would 


Fig.  77.     Rib  Uiicd  in  Present  Type  of  Wing  Conatruction 

be  less  than  0.5  pound,  the  ribs  themselves  being  spaced  12  to  15 
inches  along  the  spars.  A  wing  of  this  type,  complete  with  covering 
surface,  internal  bracing,  and  the  like,  weighs  from  0.0  to  0.7  pound 
per  square  foot. 

"Wash-In"  and  **Wash-Out' '.  livadwn  of  Propeller,  '*\Vash- 
in"  and  "wash-out"  are  rather  peculiar  techniciil  terms  that  savor 
niore  of  slang  than  of  scientific  nomenclature,  but,  like  many  others, 
the)-  simply  grew  in  their  application  to  features  of  the  design  of  the 
aeroplane.  It  will  be  recalled  that  any  increase  in  the  angle  of 
mddence  causes  a  corresponding  increase  in  the  amount  of  drift, 
or  resistance  to  forward  movement,  and  that  a  decrease  has  the 
(Opposite  effect.  It  is  also  evident  that  no  action  can  be  produced 
^out  a  corresponding  and  equivalent  reaction.  In  the  case  of 
ic  propeller,  one  of  the  effects  of  this  reaction  is  to  tilt  the  aero- 
plane laterally  owing  to  its  torque,  in  otlier  words,  it  sets  up  a 
endency  to  revolve  the  whole  machine  in  the  oi)posite  <lire(!tion 
>  that  in  which  the  propeller  itself  is  turning.     Unless  guarded 
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against,  this  tendency  will  cause  the  wing  on  that  side  to  droo 
slightly,  while  the  opposite  wing  is  elevated  a  correspondin 
amount.  Hence,  in  a  machine  in  which  the  angle  of  incidence  ( 
the  planes  is  uniform  throughout  their  span,  the  aeroplane  wi 
have  in  flying  the  equivalent  of  a  helm  in  a  sailboat.  A  sailbofl 
that  naturally  tends  to  work-  up  into  the  wind  when  sailing  dose 
hauled  is  said  to  carry  a  weather  helm,  and  the  pilot  must  contir 
ually  keep  the  rudder  over  slightly  to  the  opposite  side  to  offse 
this  effect  and  keep  the  boat  on  a  straight  course;  if  the  boa 
tends  to  fall  off,  or  away  from^  the  wind,  it  is  said  to  carry  a  It 
helm,  and  the  rudder  must  be  kept  slightly  over  to  the  weathc 
side  (direction  from  which  the  wind  is  blowing)  to  keep  it  on  it 
course.  In  the  same  manner,  in  order  to  maintain  a  horizontal  linec 
flight,  the  pilot  of  an  aeroplane  ha\'ing  wings  of  a  uniform  angle  c 
incidence  throughout  must  operate  the  controls  constantly  to  ovei 
come  the  tendency  of  the  propeller  to  tilt  the  machine  lateral]) 

Method  of  Overcoming  Reaction,  To  eliminate  the  necessity  fo 
constantly  manipulating  the  controls,  the  wing  tips  on  the  side  c 
the  machine  on  which  this  reaction  is  felt  are  given  a*  larger  angi 
of  incidence,  termed  a  "wash-in".  As  an  increase  in  the  angle  c 
incidence  increases  the  lift,  the  lifting  force  will  be  greater  at  th 
wing  tips  than  at  any  other  part  of  the  wings.  To  prevent  tb 
necessity  of  carrying  this  difference  to  an  extreme  on  one  side  c 
the  wings,  the  opposite  side  is  given  a  slight  decrease  in  its  angI 
of  incidence.  Consequently,  it  has  less  lifting  capacity,  and  accord 
ingly  it  tends  to  droop  somewhat.  This  is  termed  the  **wash-out' 
The  combined  increase  in  the  angle  of  incidence  on  one  side  aw 
decrease  on  the  other  are  so  calculated  that  they  produc*e  a  fore 
that  just  counterbalances  the  reaction  of  the  propeller. 

Advantages  of  Method.  The  effect  produced  by  the  propelle 
reaction  if  the  changes  in  the  angle  of  incidence  are  not  made  i 
shown  to  an  exaggerated  degree  for  purposes  of  illustration  by  th 
dotted  lines,  Fig.  78,  while  the  full  lines  show  how  making  th 
changes  brings  the  aeroplane  back  to  a  level  keel.  Only  the  uppe 
wing  is  represented  in  the  illustration,  but  the  lower  wing  is  treated 
in  the  same  way. 

The  propeller  is  turning  clockwise,  as  indicated  by  the  arrov 
so  that  the  effects  of  its  reaction  would  be  felt  on  the  left-ban( 
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end  of  llie  pbars,  as  se^n  when  fiicing  the  machine.  The  direo 
'■mil  3.4  well  as  the  lateral  stability  of  the  machine  is  improved 
■111  tbf  dperraswl  drift  with  the  deiTe^ised  angle  of  indflence  dite 
111  tbi-  "wash-out"  lesaeiia  the  turning  effect  tiiat  is  producecl  by  gu.sts 
"'wind  striking  tlie  w-ing  tips  owing  to  the  great  leverage  the  tips 
<  (trrt  because  of  their  distance  from  the  turning  axis  of  the  machine, 
Tlie  "wajih-oiit"  ulso  renders  the  ailenma,  nr  lateral  control- 
iiiiLi  surfat-es,  more  effective;  this  is  due  to  the  fact  that  the  drift 
■■"Tied  by  the  ailerons  depends  on  the  angle  of  incidence  they  are 
-i^eii  with  relation  to  that  of  the  wings,  and,  as  the  angle  of 
ii'idence  of  the  latter  Is  less  than  normal,  the  ailerons  nee<l  oid,\- 
'•  ^ven  a  correspondingly  smaller  angle  of  incidence  tn  produce 
ilif  same  effect.     The  les-t  the  angle  of  incidence  of  the  ailerons, 
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I'f  Mter  is  their  effieiencj',  or  lift-drift  ratio.  The  advantages  due 
'  the  "wash-out"  are  counterbalanced  to  some  extent  by  the 
'1«1s  of  the  "waah-ip",  or  incTcased  angle  of  incidence  given  the 
bkudtc  eiid  of  the  wing  tips,  but  as  this  need  not  be  quite  as 
|K  ad  the  "wash-out",  the  balancing  factors  not  being  equally 
■"^nl,  the  good  results  are  still  appreciable. 

Dihedral  Angle.  One  of  the  methods  employed  to  increase 
I  lateral  stabihty  of  a  machine  is  to  set  the  supporting  surfaces 
'  ;ui  angle  to  one  another  in  the  form  of  an  open  V.  ITiis  is 
I'lirti  the  dihedral  angle  and  the  manner  in  which  it  acts  to 
iiw  the  lateral  stability  of  the  machine  when  it  has  been  dis- 
':l-eil  I»i'  a  gust  of  wind  can  readily  be  understood  from  a  study 
'  Itj.  711.     Tlie  machine  is  assumed  tn  be  flying  oti  an  even  keel 
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when  a  gust  of  wind  strikes  the  right  wing  as  shown  by  the  a 

Thia  throwa  the  machine  over  to  the   left,    but   raises  the   right 

wing   and    towers   the    left,   ao   that    while  the    pressure    on 

former  is  decreased   that   on  the  latter  is  considerably  increased^ 

thus  automatically  bringing  the  machine  back  to  its  proper  leveL 

Reganled  simply  as  a  corrective  of  lateral  stability,  the  dihednil 

angle  giien  the  winga  is  an  excellent  expedient— in  theory.     E 

in  this  case,  as  in  so  many  other  instances  in  which  theory  is  r 

borne  out  in  practice,   practice  introduces  factors  that  have  i 

been  considered  from  the  theoretical  standpoint  at  all.     In  otba 

words,  the  dihedral  angle  is  a  good  stabilizer,  but  the  advanta 

attendant  upon  its  use  are  to  be  gained  only  at  an  expense  i 

aerodynamic  efficiency  which  is  not  commensurate  with  their  vullM 

Uorizonial   EquimlKnt.    The  reasons  for  this  loss  of  efBciencg 

are   made  evident   by   extending  the   planes   to   produce   what  l 

^  known  as  their  horizontal  equi%*» 

A,  Fig.  79.     (Ill  the  illustrations 

the  planes  have  been  given  an  eju 

geratcd    dihedral   angle   simply 

bring  out  its  defects  more  strongly,] 

By     extending     the     same    plane 

upward,  the  horizontal  equivalent  J 

that  a  machine  of  the  same  span  would  have,  if  built  without 

dihedral  angle,  is  produced.     But  it  has  already  been  pointed  ( 

that,  in  propelling  a  surface  through  the  air,  the  resulting  react 

consists  of  a  vertical  component,  that  is,  the  lift,  and  a  horizon! 

component,  the  drift,  and  that  it  is  the  ratio  that  the  lift  l>eare  to  tl 

drift  that  determines  tlie  efficiency  of  any  form  of  supporting  SurfM 

With  a  surface  of  a  given  area,  iti  lift  will  varj'  as  the  horixootl 

eciuivalent  of  that  surface,  or,  in  other  words,  as  the  hold  that  it  exefi 

on  the  mass  of  air  it  engages.     If  its  totjil  area  be  in  thp  liorisc 

tal  plane,  its  lift  will  have  the  maximum  value,  all  other  facte 

K       being  the  same.     By  disposing  it  in  any  other  form,  its  lift  « 

H       decrease  as  its  horizontal  equiv^ent  decreases,  but  its  drift  remu 

H      the  same  regardless  of  its  disposition.    Hence  the  maximum  Bfti 

H      drift   ratio  is  obtainable  only   when   the  total  area   is  borizonti 

^L      (transversely),  and  any  departure  from  this  accordingly  repreaodl 

^B  »  sacriGcc  in  efficiency.    This  accounts  for  the  abandoninent  of  <t 
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extreme  dihedral  angles  employed  in  earlier  machines  for  either  very 
.  alight  angles  or  none  at  all. 

QGding  Angle.  Theoretically,  the  center  of  gravity  should 
coincide  with  the  center  of  pressure  in  an  aeroplane  in  order  that 
the  lifting  force  may  be  exerted  most  efficiently.  The  reasons  for 
thb  are  evident  from  Fig.  80.  For  example,  if  the  center  of  grav- 
ity were  placed  well  forward  of  the  center  of  pressure,  as  indicated 
by  A,  it  is  evident  that  the  machine  would  be  decidedly  "nose 
hea\y,  so  to  speak.  In  other  words,  it  would  normally  tend  to 
fiy  nose  down,  and  either  the  tail  plane  would  have  to  be  set  at  an 
nicrcased  angle  of  inddence  in  order  to  make  th^  machine  longi- 
tudinally stable  or  the  pilot  would  have  to  fly  the  machine  with 
the  elevator  constantly  raised  sufficiently  to  counteract  the  tend- 
ency of  the    nose    to    drop.     In    either    case,    power    would   be 


Fig.  80.     Diagram  Illustrating  GUdinR  ArkIo 

^nded  uselessly  to  overcome  the  additional  drift  thus  set  up. 
lf»  instead  of  being  forward,  the  center  of  gravity  were  placed  aft 
of  the  center  of  pressure,  as  indicated  by  B,  the  siime  condition 
"^ouJd  be  brought  about,  but  in  a  reverse  sense.  The  machine 
would  then  be  "tail  heavy",  and  one  of  the  other  of  the  expedi- 
ents mentioned  would  have  to  be  resorted  to,  ^\^th  similarlv  detri- 
'^tal  results.  But  by  making  the  centers  of  pres.sure  and  gravity 
^ncide,  the  machine  may  be  made  longitudinally  stable  without 
"^viiig  to  introduce  any  power-consuming  corrective  factor. 

Although,  in  actual  flight,  the  pilot  has  instruments  to  aid 
"^  in  keeping  the  machine  on  an  even  keel  and  in  guarding 
^&ixist  attempting  to  ascend  at  an  angle  that  would  cause  the 
*^plane  to  stall  and  drop,  he  is  for  the  most  part  aware  of  the 
^ttitode  erf  his  machine  from  its  relation  to  the  horizon.    In  misty 
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or  foggy  weather,  of  course,  this  aid  is  lacking  and  he  must  de] 
upon  his  instruments,  but  in  order  that  he  may  be  reKeved  of 
necessity  of  constantly  manipulating  the  controls  to  maintain 
requisite  air  speed  of  the  machine  under  such  conditions,  it  is  desij 
to  have  what  is  termed  a  gliding  angle.  This  is  obtained  by  pla 
the  center  of  gravity  a  short  distance  forward  of  the  center  of  ] 
sure  so  that  the  machine  will  be  slightly  nose  heavy.  Then,  whei 
power  is  shut  off  and  the  thrust  of  the  propeller  is  no  longer  suffi< 
to  maintain  horizontal  flight,  the  machine  automatically  noses  di 
ward,  assuming  an  angle  at  which  it  will  plane  steadily  without  n 
to  the  controls  to  maintain  longitudinal  stability.  In  other  w< 
inmiediately  the  power  is  shut  off,  it  becomes  an  efficient  gl 
relieving  the  pilot  of  the  necessity  of  concentrating  his  atter 
on  the  control  of  the  machine  to  the  exclusion  of  other  mat 

TRUSSING  OF  PLANES 

No  External  Support  the  Ideal.  Although  in  his  early  end 
ors  in  every  field  man's  first  instinct  has  been  to  pattern  i 
Nature,  it  has  only  been  by  abandoning  all  attempts  to  imitate 
directly  that  success  in  the  conquest  of  the  air  has  been  achie 
Still,  in  certain  things  he  has  never  succeeded  in  equaling 
methods  of  construction.  Attempts  to  fly  by  means  of  mechanic 
operated  wings  proved  dismal  failures,  though  the  sections  of  i 
surfaces  now  employed  in  aeroplanes  are  essentially  replicas  of 
wings  of  soaring  birds,  though  modified  and  immovable, 
aeroplane  wing  that  could  be  held  in  the  extended  position  of 
soaring  bird  without  external  support  or  bracing  represents 
ideal  in  that  it  would  eliminate  all  head  resistance  except  tha 
the  wing  itself.  This  ideal  is  naturally  unattainable  in  mechai 
but  to  achieve  the  maximum  speed  with  a  given  amount 
energy  it  must  be  approached  as  closely  as  possible  and  this 
been  the  chief  object  sought  in  the  development  of  method: 
bracing  and  trussing  planes  in  recent  years. 

Wing  Trussing 

Monoplane  Wing  Trussing.*      With  the  brilliant  exampl 
the  use  of  the  Fink  truss  in  Henson's  machine  (1843)  before  t 

*Kxcerpt»  from  a  paper  by  Prof.  F.  W.  Pawlowski,  read  before  the  Society  of  Autoo 
Ensincore,  1017. 
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ras  strange  that  later  experimenters  should  have 
iwrteJ  to  \Bture  for  methods  of  wing  construction.  But  in  early 
Bempb,  the  wing  structure  of  the  bat,  utilized  long  prevloUBly 
I  umbrella  making,  found  general  application,  as  nhoM'n  by  the 
Lilit-nthal  and  Pilclicr  (1S9(>-1S09)  and  Ader's  first 
fiiig  machines  (1S97),  Fig.  SI.  The  Henson  wing  construction 
odies  alt  the  essentials  of  the  modern  aeroplane  supporting  struc- 
ch  as  front  and  rear  spar»  and  main  and  secondary'  ribs,  and 
Face  of  exposetl  supports  is  considerably  less  than  in  the 
I  tj-pe.  Nevertheless,  it  was  not  adopted  by  other  investi- 
Itots  iintii  considerably  later  when  Levavaseur  used  it  without 
I  the  Antoinette  monoplane  (1909),  which  was  the  first 
rful  attempt  t"  build  a  machine  of  this  size,  Fig.  82.  Another 
idvautage  possessed  by  this  type  of  construction  is  that  it 
« the  wing  rigid  even  when  detached. 
It  is  evident  on  slight  study  of  the  problem  that  the  trussing 
"'  the  wings  has  a  double  purpose:  the  wing  must  be  sustained 
"S"lagiunst  the  air  pres,sure  in  flight;  and  it  must  hkewise  be  pro- 
MeA  against  collapse  from  the  shock  of  landing,  so  that,  in  the 
'^*  of  the  monoplane,  it  must  be  trussed  from  above  as  well  as 
*niin  below.  The  wires  or  cables  forming  the  trussing  from  below 
^  tuTueil  the  lifting  wires,  and  those  forming  the  trussing  from 
^"^■e,  the  landing  wires,  In  most  <»f  the  illustrations  of  trussing 
P*fn,  the  lifting  wires  are  shown  by  full  hnes  and  the  landing 
"iws  by  dotted  lines. 

While  the  <ie\elopmcnt  of  the  biplane  and  the  mouoplaiie  pro- 
'Wilcd  along  similar  lines  after  a  short  time,  several  features  of 
""i-lructJoii  which  later  came  into  general  use  first  appearetl  on 
'™  biplane.  To  simplify  matters,  however,  the  development  of 
'i'ia  essential  aeroplane  construction  is  given  first  as  applied  to  the 
"""lopUiie.  After  dn)pping  Nature  as  a  Ijusis  of  design,  acro- 
I'W  designers  lnoke<l  to  engineering  practice  in  other  fields.  In 
''I*.  Bleriot  adopted  for  his  nuirioplane  a  well-known  form  of 
'''nlge  truss,  the  Pratt  type,  which  had  already  come  into  general 
'■  '111  the  biplane  and  whicli  was  of  considerable  span,  Fig.  S-'J. 
'  iT-'ferring  to  tlie  illustration,  it  is  evident  that  he  either  did  not 
iate  or  voluntarily  abandoned  the  opportunity  that  this  con- 
pion  afforded  of  almost  doubling  the  wing  area  witlioiit  nmeh 
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incratse  in  head  resistance.  The  Taube  monoplane  shortly  after- 
ward  adopted  the  Pratt  truss  in  slightly  modified  form,  Fig.  84, 
and  the  many  machines  of  this  t^'pe  used  by  the  Germans  in  the 
war  have  all  been  distinguished  by  this  construction. 

A  far  simpler  method  of  trussing  which  has  the  further  advan- 
tage of  much  greater  ease  of  adjustment  superseded  the  Pratt  truss 
in  French  miachines,  Fig.  85.    In  this  method,  however,  an  unnec- 
essary number  of  ^-ires  were  first  employed,  setting  up  too  much 
structural  resistance;  therefoFC,  these  wires  were  reduced  to  a  total 
of  four  on  each  side,  Fig.  86,  for  machines  of  even  larger  span, 
while  for  small-span  high-speed  machines  only  two  on  each  side 
were  employed.     It  is  worthy  of  note  that  in  190(),  or  seven  years 
hefore  flight  had  actually  been  achieved,  Kress  applied  this  form 
of  trussing  to  his  flying  boat,  which  was  a  triple-tandem  mono- 
plane type.    The  interesting  thing  about  it  is  that  Kress  was  not 
Ml  engineer  but  a  tailor.    An  attempt  to  achieve  the  ideal  of  no 
external  support  by  eliminating  the  head  resistance  of  bracing  wires 
entirely  is  represented  by  the  adoption  of  a  cantile\er  type  wing 
^y  Blanc  in   191'i,  Fig.  87,  but  apparently  no  one  has  tried  to 
ewry  this  risky  form  of  i^ing  construction  any  further. 

Biplane    Wing    Trussing.     Bridge     Truss,    The    difficulty    of 
"uilding  ri^d  wing  surfaces  on  a  large  scale  was  realized  as  far 
l^k  as  1866  in  England  by  Wenham,  who  built  a  sort  of  multi- 
plane kite.     Two   years   later,    Stringfellow    produced    a   triplaiu* 
Diodel,  which    unfortunately   did    not   fly.     But   in    spite    of   the 
femarkable   example   of   Stringfellow,   such    prominent   mechanical 
engineers  as  Maxim  and  Lilienthal  failed  to  produce  a  simple  and 
J5tatically  clear  structure  to  combine  the  planes  of  their  machines, 
p     a  huge  multiplane  (1888)  and  a  biplane  (1890).  resp<xtively.     A 
bridge  engineer,  Octave  Chanute,  was  the  first  to  solve  the  proh- 
•em,  and  he  did  it  by  applying  the  bridge  truss  to  the  biplane. 
This  is  the  Pratt  truss  alreadv  mentioned,  and  it  was  ininiediatelv 
adopted  generally.     Few  of  the  builders,   however,   were  familiar 
^th  the  principles  of  frame  structures  and  evidently  proceeded  on 
the  assumption  that,  if  a  few  struts  and  bracing  wires  were  good, 
'Dore  would    be   better,    so   that   some   of   these   early   attempts 
assembled  the  later-day  barbed  wire  entanglement  of  the  trenches. 
An  ezampk  of  this  is  shown  in  ¥'\g,  88,  the  dotted  lines  \t\  tVvV*^ 
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case  representing  the  wires  that  were  later  onitted,  thus  redurin 
the  number  to  that  shown  in  Fig.  89,  which  has  been  retained  i 
the  standard  ever  since,  the  number  of  panels  varying  from  two  ^ 
four  according  to  the  machine.  This  type  is  an  exact  copy  of  tl 
bridge  truss,  but,  while  panels  of  equal  dimensions  are  best  adapt 
to  bridge  construction,  they  are  riot  equally  so  for  aeroplane  co 
struction,  for  by  varying  the  width  of  the  panels  the  weight  of  t 
structure  can  be  reduced  or  greater  strength  can  be  obtained  vri 
the  same  weight.  Fig.  90. 

The  forces  acting  upon  the  spars  increase  from  the  wing  1 
toward  the  body,  so  that  it  is  accordingly  advisable  to  decrease  t: 
bending  or  buckling  length  of  the  spar  stations  in  that  directic 
The  arrangement  of  the  struts  and  wires  shown  in  Fig.  90  has  t 
further  advantage  that  the  forces  acting  upon  the  material  U3 
are  more  uniformly  distributed,  the  outboard  struts  and  wires  ci 
rying  a  greater  proportion  of  the  load  than  those  in  Fig.  89  a  J 
the  inboard  members  close  to  the  body  carrying  less,  so  that  ^ 
the  members  may  be  made  of  more  nearly  uniform  dimensior 
In  Professor  Pawlowski^s  opinion,  the  advantages  of  the  variab 
panel  type  of  truss  are  not  yet  fully  appreciated  although  it  h 
been  in  use  in  France  for  five  or  six  years. 

Overhang  Biplane,  Following  the  introduction  of  the  bridf 
truss,  Farman  utilized  the  construction  used  by  Stringfellow  man 
years  previously  and  produced  the  overhang  type  of  biplane  v^ii 
its  well-known  mechanical  and  aerodynamical  advantages.  T\ 
overhang  biplane  has  either  a  landing  wire  bracing,  Fig.  91,  or 
landing  strut.  Fig.  92,  the  latter  arrangement  being  more  advai 
tageous,  since  it  offers  less  head  resistance. 

Various  Types.  As  the  resistance  of  struts  and  wires  repn 
sents  a  substantial  proportion  of  the  total  structural  resistanc 
further  developments  in  this  direction  have  minimized  the  numbi 
employed,  an  extreme  example  being  the  Breguet  biplane,  Fig.  9 
in  which  but  one  panel  slightly  over  10  feet  long  is  employed  on 
biplane  of  40-foot  span,  thus  lea\dng  an  overhang  of  an  upp< 
wing  of  approximately  8  feet.  A  more  radical  departure  from  tl 
typical  Pratt  truss  was  adopted  in  the  Henr>'^  Farman  machim 
Fig.  94,  which  is  practically  a  combination  of  the  monoplane  an 
biplane.    The  span  of  the  upper  wing  is  three  times  that  of  th 
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lower,  but  the  machine  is  really  a  biplane  with  extended  upper 
wings.  A  number  of  these  machines  have  been  used  by  French 
aviators  for  militaly  purposes.  The  Ponier-Pagny  biplane  truss. 
Fig.  95,  with  equilateral  triangles  formed  by  struts  and  landing 
wires  is  a  modification  of  the  Pratt  truss,  since  its  essential  mem- 
bers are  the  long  diagonals  of  the  rhomboidal  panels. 

'Wireless'*    and    "Strutless"    Trusses.    Even    though  of  very 
small  cross-section,  bracing  wires  present  considerable  surface  and 
account  for  no  small  part  of  the  total  structural  resistance,  so  that 
their  elimination  was  a  further  step  forward.    This  was  achieve^* 
by  the  adoption  of  the  typical  triangular  bridge  truss  and  first 
appeared  in  the  German  Albatross  machines  about  1913,  Figs.   9® 
and  97.    Such  trusses  are  commonly  known  as  "wireless"  truss^s- 
The  improvement  they  represent  is  based  on  the  substantial  dif" 
ference  between  the  resistance  coefficients  of  struts  with  streai3Ci-" 
line  sections  and  those  of  wires  or  cables,  the  ratio,  or  coefficient' 
being  about  1  to  10.    As  the  thickness  of  the  struts  is  about  te^ 
times  greater  than  the  diameter  of  the  w^ire,  the  elimination  of 
landing  wires  by  substituting  for  the  lifting  wires  members  that 
will  transmit  forces  in  compression  as  well  as  in  tension  offers 
interesting  possibilities.    As  a  matter  of  fact,  the  total  length  of  ali 
web  members  of  a  wireless  truss  can  easily  be  made  much  less 
than  one-half  the  total  length  of  all  wires  and  struts  of  the  usual 
truss,  so  that  the  resistance  of  the  web  members  can  be  reduced 
approximately   one-half   with    a   small   increase   of   weight.     With 
this  construction,  however,  it  is  difficult  to  connect  the  wooden 
struts  to  the  sockets  so  as  to  transmit  safely  considerable  forces 
in  tension,  while  it  is  also  difficult  to  true  up  the  structure  again 
after  it  warps.     When  the  wooden  spars  and  struts  are  eliminated, 
tumbuckles  and  other  adjusting  devices  are  unnecessary  and  the 
difficulty  of  transmitting  forces  in  tension  is  avoided.    An  interest- 
ing example  of  the  employment  of  the  ** wireless'*  truss  is  shown  in  a 
recent  type  of  Curtiss  machine.  Fig.  98,  in  which  the  number  and 
length  of  the  exposed  piembers  are  minimized.    This  construction 
is  particularly  well  adapted  to  the  small  span  scouting  machines 
which  are  a  high-sj)eed  Jtype. 

By  adapting  the /bracing    of    the    monoplane    to  a   biplane, 
Fig.  99,  a  *'strutless'7type  of  machine  would  be  possible,  but  as 
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the  total  length  of  the  wires  necessary  would  be  considerable,  the 
advantages  of  such  a  construction  would  be  doubtful  The  improved 
"strutless"  type,  Fig.  100,  is  much  more  promising,  and  by  the  use 
of  wires  with  a  stream-line  section,  such  as  are  now  obtainable,  it 
is  possible  that  the  structural  resistance  coidd  be  reduced  to  a 
point  even  below  that  of  the  "wireless"  truss.  Fig.  101  shows  an 
adaptation  of  this  type  of  construction  to  the  overhang  biplane. 

Fink'Pratt  Truss.  For  large  high-powered  biplanes,  a  combi- 
nation of  the  Fink  and  Pratt  trusses  could  be  employed.  Fig.  105. 
Tliis  type  introduces  a  more  complicated  construction,  but  the 
more  uniform  distribution  of  masses  along  the  truss  makes  it 
fighter  and  stronger,  though  the  question  of  dynamic  stability 
involved  by  spreading  out  the  masses  as  shown  might  introduce 
other  diflSculties.  Here  also  different  solutions  are  possible.  In 
the  Sikorski  method,  the  engines  are  placed  on  top  of  the  lower 
wing,  close  to  the  inner  side  of  the  struts.  In  the  French  method, 
the  engiines  are  placed  between  pairs  of  straight  struts,  as  shown 
by  the  full  lines,  while  on  the  Curtiss  biplane,  specially  shaped 
struts  are  employed  as  supports,  as  indicated  by  the  dotted  lines. 
Each  method  has  some  small  advantages  and  disadvantages,  as  is 
evident  from  the  illustration. 

Triplane  Trussing.  Triplanes  have  been  built  since  compara- 
tively early  days,  dating  from  the  accomplishment  of  actual  flight, 
but  they  have  been  few  in  number  and  up  to  the  appearance  of 
the  Caproni  (Italian)  machine  had  not  accomplished  enough  to 
inerit  serious  consideration.  The  unusual  performance  of  this  giant 
Daachine,  however,  undoubtedly  will  serve  to  turn  attention  in  that 
direction  and  probably  will  iresult  in  the  development  of  the  efficient 
load-carrying  machine  that  is  one  of  the  possibilities  of  the  near 
future.  The  triplane  truss  naturally  involves  the  same  principles 
as  that  of  the  biplane,  though  in  several  of  the  earlier  machines 
they  were  not  correctly  applied.  Fig.  102  shows  an  instance  of 
poor  design  in  which  the  full  height  of  the  truss  is  not  utilized, 
although,  if  it  were,  the  strength  of  the  truss  would  be  increased 
about  four  times.  Examples  of  correct  treatment  are  given  in 
Figs.  103  and  104.  The  triplane  has  a  mechanical  advantage  in 
that  the  buckling  length  of  the  struts  is  decreased  by  oiv^-\v^\H., 
which  makes  them  relatively  several  times  stronger. 
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Side  Bracing 

Definition.  In  the  foregoing,  only  the  so-called  lift  truss,  c 
wing  truss  as  viewed  head  on,  has  been  considered.  Inside  th 
wings  are  placed  the  drift  trusses,  but  as  these  do  not  involv 
aerodynamic  problems,  they  can  be  treated  in  any  desirable  wa 
from  the  structural  point  of  view  only,  and  a  discussion  of  thei 
is,  therefore,  omitted  here.  The  lift  and  the  drift  trusses  are  con 
bined  to  form  a  rigid  three-dimension  structure  by  means  of  bracir 
in  planes  passing  through  the  struts  and  parallel  to  the  plane  ^ 
symmetry  of  the  whole  machine.  As  this  bracing  is  visible  on 
from  the  side  of  the  machine,  it  is  termed  side  bracing  for  co 
venience. 

Monoplane  Side  Bracing,  l^sually  each  monoplane  wing  b 
two  parallel  or  slightly  converging  spars,  the  front  and  the  rear  spJ 
Each  pair  of  spars  together  with  some  central  pylon  or  the  landi 
chassis,  taken  as  a  king-post,  forms  the  front  and  the  rear  1 
trusses.  If  aileron  control  is  employed,  both  lift  trusses  are  fix^ 
but,  if  warping  control  is  used,  the  front  truss  is  fixed  and  the  r€ 
one  is  movable.  A  monoplane  usually  has  a  double  lift  trussir 
in  that  the  spars  are  members  of  both  the  lift  and  the  drift  truss< 

In  Fig.  106  is  shown  the  side  bracing  of  the  Bleriot  moti 
plane  bus,  on  which  the  rear  spar  is  braced  to  the  lowTr  girder 
the  single  lift  truss.  This  arrangement  is  more  advantageous  th; 
that  of  the  early  type  Taube,  Fig.  107,  because  the  separate  1 
and  drift  truss,  requiring  three  spars,  is  uneconomical  from  t] 
mechanical  point  of  view  and  the  two  wires  offer  about  twice 
much  resistance  as  the  single  strut  brace  of  the  Bleriot  constru 
tion.  A  later  type  of  Taube  has  side  bracing  similar  to  that  shov 
in  V\g.  106. 

Biplane  Side  Bracing.  The  side  bracing  of  biplane  win 
offers  many  possibilities  of  design.  The  most  common  type 
Figs.  108  and  109,  are  based  on  the  same  principle,  the  only  vari 
tion  in  them  being  that  necessitated  by  their  adaptation  to  t! 
straight  and  staggered  types  of  biplane,  respectively.  While  coi 
ventional,  the  terms  lift  truss  and  drift  truss  are  not  quite  ace 
rate,  since  no  truss  takes  care  of  the  lift  or  the  drift  only.  As 
matter  of  fact,  the  resultant  air  reaction  upon  the  wings  resolvt 
into  components  parallel  to  the  planes  of  the  lift  and  the  dri 
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Rg.  106.    Bleriot  Bnkdnc 
^  107.    Eteiob-T^ube  Bndng 


FIgB.  108  and  100.    Ck>mmon  Biplane 
Bracing 


^  110  and  111.     N  Type  Bracing 


Figs.  112  and  113.    V  Type  Bracing 


Flp.  114  and  115.     Single  Lift  Tnum 


Figs.  110  and  117.     Forces  in  Double 
Lift  TruHs 


^.  118.    Captain   Martin's  K  Type 
Bracing 

Hg.  110.    Curtiae  K  Tsrpe  Lift  Truss 


Figs.  120  and  121.     Forces  in  K  Type 
BraciiiK 


r%kl»«idU8.    XTypeSde 


Figs.  124  and  125.     Forces  in  X  Type 
Bracing 
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trusses  gives  the  external  forces  acting  upon  the  trusses.  Tt 
components  differ  considerably  from  the  lift  and  drift,  not  aloE 
in  the  case  of  a  staggered  biplane,  but  also  in  a  straight  hvfian 
in  which}  for  instance,  at  slow  flight  and  large  angle  of  inddeno 
the  forces  acting  on  the  drift  truss  are  frequently  opposite  i 
direction  to  the  drift. 

Figs.  110  and  111  show  the  N  type  of  ^de  bracing,  wit 
which  the  resistance  of  the  wires  of  the  ordinary  bracing,  Figs.  10 
and  109,  can  be  decreased  by  one-half.  This  bradng,  espedall 
when  combined  with  the  wireless  lift  truss,  Figs.  96  and  97,  offei 
new  and  interesting  possibilities  for  heavy  large  span  machines 
It  was  applied  on  the  Albatross  in  the  form  of  a  triple  lift  trua 
apparently  involving  unnecessary  complication,  as  simpler  combi 
nations  are  possible.  Fig.  113  shows  the  V  type  side  bracing  a 
employed  in  the  modem  Nieuport  scout  machines,  the  two  con 
verging  struts  being  fixed  in  a  special  socket  fitted  between  thi 
spars  of  the  lower  wing.  This  construction  is  also  adaptable  t< 
the  straight  biplane,  Fig.  112,  but  in  both  cases  it  is  especially 
good  for  an  unequal  chord  biplane.  Although  the  trussing  in  thi 
Nieuport  machine  is  treated  as  of  the  double  lift  type,  there  is  n( 
reason  why  it  could  not  be  treated  as  a  single  lift  truss,  preferabl] 
the  rear  one,  with  front  struts  acting  as  braces. 

Single  Lift  Truss.  Development  Chanute  was  the  pioneer  ii 
the  adoption  of  the  single  lift  truss,  which  was  employed  in  th 
construction  of  one  of  his  first  gliders,  a  machine  of  the  quinti 
plane  type.  Chanute,  however,  did  not  seem  to  appreciate  tl 
advantages  of  the  single  lift  truss  system,  as  he  adopted  the  doub 
lift  truss  for  his  subsequent  machines.  It  was  Breguet  who  pr 
duced  and  advocated  the  single  lift  truss  biplane  (1909),  his  ma 
object,  however,  being  to  vary  automatically  the  angle  of  inciden* 
of  the  wings,  which  were  hingal  to  the  tubular  steel  spars.  Fig.  1 1 

A  much  simpler  and  more  effective  construction  of  the  sing 
lift  truss,  which  from  its  outline  may  he  termed  an  I  truss,  or  t 
I  strut,  was  used  in  Donier's  flying  boat  (1913).  The  strut 
Fig.  115,  were  fixed  in  sockets  having  long  bases  that  reache 
from  the  front  spar  to  the  rear  spar  and  were  attached  to  tl 
spars.  An  almost  identical  construction  was  adopted  the  follov 
ing  year  for  the  ll.A.F.  fast  scouting  machine.    Mechanically,  tl: 
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frint  and  the  rear  parts  of  the  socket  bases  can  be  considered  a 
cantilever  subject  to  bending,  according  as  the  center  of  pressure 
moves  forward  of  or  past  the  center  of  the  strut.  The  struts  are 
thus  subject  not  only  to  compression  but  also  to  bending.  The 
bending  moments  in  the  average  size  machines,  however,  are  com- 
puatively  small  and  can  easily  be  taken  care  of  by  the  sockets  as 
veil  as  by  the  struts.  In  the  latter  case  it  is  the  maximum 
moment  of  inertia  of  the  strut  section  that  comes  into  play  and  the 
fibers  of  material  affected  are  almost  idle,  considering  the  buckling 
of  the  strut  under  axial  load.  Geometrically  and  aerodynamically, 
the  sockets  can  be  treated  as  a  well-filleted  intersection  of  a  strut 
of  stream-line  section  with  one-half  of  a  stream-line  body,  thus 
offering  little  resistance  to  motion. 

Admntages.  One  disadvantage  of  the  single  lift  truss  as  com- 
pared wth  the  double  lift  type  is  that  it  cannot  easily  be  adapted 
to  the  staggered  biplane,  particularly  where  the  stagger  is  pro- 
nounced. On  the  other  hand,  it  possesses  a  number  of  advantages, 
as  follows: 

The  strength  of  the  struts  varies  as  the  moment  of  inertia  of 
the  strut  section.  At  a  constant  ratio  of  diameters  of  the  strut 
action,  the  least  moment  of  inertia  varies  as  the  fourth  power  of 
the  thickness  (small  diameter)  of  the  strut.  Tlicrefore.  the  thick- 
0^  of  the  strut  varies  as  the  fourth  root  of  the  load  that  the 
^t  can  stand.  For  the  double  load  of  a  single  lift  truss  against 
the  two  struts  of  a  double  lift  truss,  the  iiuTcase  of  the  thickness 
*^)  therefore,  of  the  air  resistance  is  approximately  100  (V-  — 1), 
w  20  per  cent,   so   that  the    air    resistance    will    be   reduced    by 

■PProximately  100  r    >/")>  or  40  jkt  cent. 

The  weights  being  proportional  to  the  s(|uarcs  of  the  thick- 
•^i  the  gain  in  weight  of  the  struts  of  the  single  lift  truss  as 
^Dipared   with   those  of  the  double    lift    truss    is    approximately 

(~o — "/'  ^^^  '^^  P^^  cent.     Since  the  diameters  of  wires  or  cables 

^'^'y  as  the  square  root  of  the  load  that  the  wire  or  cable  can 
^',  the  double  load  of  the  single  lift  truss  cable  as  compared 
'^th  the  load  of  the  two  cables  of  the  double  lift  truss  shows 
^  approximate   increase  of   diameter   and,   consequently,   of  air 
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resistance  of  100('\/2  — 1),  or  40  per  cent;  this  means  that  the  ai 
resistance  is  reduced  by  approximately  100  ( — - —  j,  or  30  per  cent 

In  this  case,  however,  there  is  no  gain  in  weight. 

The  larger  sizes  of  the  wires  or  cables  of  the  single  lift  trus 
permit  a  further  reduction  in  head  resistance  by  permitting  th( 
use  of  stream-line  sections,  the  wires  or  cables  being  given  i 
stream-line  form  by  attaching  sharp  trailing  edges,  which  woulc 
hardly  be  practicable  on  the  s  nailer  diameters  employed  with  th< 
double  lift  truss. 

In  the  double  lift  truss,  the  forces  acting  on  each  truss  depenc 
upon  the  position  of  the  center  of  pressure.  At  high  spleed  with  s 
small  angle  of  incidence,  the  rear  truss  carries  a  greater  part  of  the 
load — ^roughly  speaking,  between  f  and  f  of  the  total.  Fig.  117. 
At  slow  speeds  with  a  large  angle  of  incidence,  the  reverse  is  the 
case.  Fig.  116.  Thus,  considering  the  two  extremes,  each  of  the 
trusses  is  either  partly  idle  or  has  an  extra  load  imposed  upon  it 
In  the  single  lift  truss,  the  forces  acting  upon  the  truss  are  almost 
independent  of  the  center  of  pressure,  as  the  reaction  of  the  load 
at  the  root  of  the  cantilever  is  equal  to  the  load  and  independent 
of  the  bending  arm.  Thus  the  forces  acting  on  a  single  lift  truss 
will  be  about  25  to  35  per  cent  smaller  than  the  forces  which  the 
front  and  rear  trusses  ot  the  double  system  are  called  on  to  bear 
in  extreme  cases.  This  results  in  further  reduction  of  weight  and 
air  resistance. 

Special  Types  of  Side  Bracing.  Another  interesting  t>T)e  of 
the  single  lift  truss  that  has  all  the  advantages  mentioned  is 
shown  in  Fig.  118.  It  is  termed  the  K  type  side  bracing  and  was 
first  proposed  by  Captain  jMartin  {Scientific  American,  1911).  The 
K  type  has  the  additional  advantage  that  the  extra  bending 
moments  that  appear  in  the  I  strut  due  to  the  cantilevers  (sockets) 
are  eliminated  entirely,  as  is  evident  from  the  diagrams  sho^in^ 
the  action  of  forces.  Figs.  120  and  121.  This  advantage  is  large!) 
offset,  however,  by  the  extra  weight  and  air  resistance  due  to  tb( 
large  braces  necessary  in  the  K  form.  The  Curtiss  single  lift  trusJ 
strut.  Fig.  119,  which  is  used  in  the  wireless  truss  biplane  and  ii 
the  new  triplane,  is  built  of  two  steel  tubes,  one  straight  i^d  tbi 
other  bent  in  two  places,  both  being  inclosed  by  a  covering. 
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Tile  X  type  side  hracing.  Figs,  122  and  12:i,  also  oilers  ctTtain 
i  iinlagcs,  particularly  as  c'ompared  with  the  types  commonly  in 
.,  figs.  UW  and  1U9,  and  with  the  N  type,  Figs.   110  and  III. 
.1'  tiif  X  type  is  practically  a  double  hft  tj-pe  without  some  of  the 
I    Advantages  of  the  latter.     As  compared  with  the  N  type,  there 
I    is  line  strut  less  in  the  X  t,\'pe,  while  its  advantages  over  any  of 
>     fhf  uthcr  Houhic  lift  t>'pcs  is  that  the  amount  of  load  carried  by 
."li  truss  is  practically  independent  of  the  variation  of  the  center 
I  |irtffiure,  although  there  is  a  certain  increase  of  the  forces  due  to 
'  II  angularity  of  the  struts,  as  is  evident  from  the  diagrams  show- 
ii'tlietwo  extremes,  Figs.  124  and  125.     The  X  type  trusses,  there- 
in rr,  are  not  the  exact  equivalent  of  two  parallel  lift  trusses  under 
'!'  niiiiiitions  of  flight.     The  re<luction  in  both  head  reastance  and 
iiKht  is  evidently  somewhat  smaller  than  in  the  case  of  the  [ 
tnii  hilt,  on  the  other  hand,  the  X  type  bracing  is  adaptable  to 
t;i?fKTPfl  biplanes  and  to  large  big-chord  wings,  in  which  cases  the 
I  'Irut  and,    in  general,   the  single   truss   would   offer  too  many 
^trurtiiral  difficulties  and  too  much  risk. 

Interesting  and  entirely  new  possibilities  in  biplane  i-onstruc- 

li'ii  mil  be  obtained  by  combining  the  types  of  trusses  and  side 

'"■iii'cs  mentioned,   and   some  of   the   promising  combinations  are 

-'  'Ti  herewith.     The  wirelfss  tniss   when  combined   with   the   N 

]>'  can  be  treated  as  a  double  lift  truss  system;  or  as  a  single 

'"  truss  system,  in  which  case,  remarkable  results  can  be  obtained 

pliidng  the  front  and  rear  bars  of  the  N  type  in  vertical  planes 

'"milfl  to  the  plane  of  symmetry  of  the  aeroplane.     The  wireless 

'■'"■•^  combined  with  V  type  side  bracing  can  also  be  considered  as 

■  l"T  a  double  or  single  lift  truss  system,  while  the  wireless  truss 

iiliiufd   with    I   struts  would   be  an   almost  ideal   structure   for 

'■I'll  fast   nuicliines.     Combining  the  wireless  truss  with   X  type 

"iiig  would  give  a  construction  involving  the  smallest  number 

_ "'  HicmlxTH  fur  large  span  big-chord  machines. 

^M  FUSELAGE  STRESSES' 

Hr  Functions  of  Fuselage.  The  fuselage  is  to  the  aeroplane  what 
■"'h  the  chassis  and  the  body  are  to  the  motor  car,  since  it  sup- 
^""i-H  anil  amnect'!  the  wings,  landing  gear,  and  tail  unit  of  the 
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machine,  holds  them  in  their  respective  locations,  and  tra 
'the  stresses  which  hold  the  machine  in  equilibrium  in  the  a 
on  the  ground,  and  at  the  same  time  it  serves  to  house  the 
the  accessories,  the  pilot,  and  the  passenger.  While  in  the  a 
fuselage  transmits,  from  the  tail  planes  to  the  wings,  mc 
which  are  necessary  to  give  stability  or  to  neutralize  wh 
couples  may  exist  due  to  the  center  of  pressure  and  thru 
location.  In  normal  flight,  the  stresses  due  to  these  momei 
slight,  but  in  exceptional  cases,  such  as  recovering  from  a  \ 
dive,  these  moments  and  the  stresses  they  cause  are  large. 

Stresses  of  Diving  Recovery.    It  may  seem  at  first  sigh 
the  stresses  of  diving  recovery  can  reach  enormous  values 
recovery  be  made  very  sharply  by  raising  the  elevators  at 
angle  while  traveling  at  a  high  rate  of  speed.    Measurement 


Fig.  120.     Resultant  of  Forces  Exerted  by  Controls 
CourUay  of  *' Aerial  Age",  New   York  City 

demonstrated  that  a  man  in  the  pilot's  seat  can  exert  a  p 
pull  force  of  about  250  pounds.  With  the  leverage  of  a  st 
Dep  (Deperdussin)  control,  the  force  that  can  be  exerted 
control  cables  is  about  600  pounds  and  this  can  bring  al 
reaction  of  400  to  500  pounds  on  the  elevators,  according  t 
shape,  on  which  the  center  of  pressure  behind  the  hinge  dc 
The  resultant  of  these  forces  is  shown  in  Fig.  126  ai 
resultant  can  be  used  as  the  basis  for  a  stress  diagram  of  tl 
end  of  the  structure.  The  resulting  stress  diagram  is  of  th< 
simple  type. 

Stresses  of  Landing  Shock.    Usually  no  attention  is  { 

landing-shock  stresses  in  the  rear  end  of  the  fuselage  and  tl 

the  front  end  are  analvzed  alone  in  a  rather  crude  manner 

object  of  this  investigation  is  to  ascertain  the  front-end  coi 

as  thoroughly  as  possible,  taking  mto  «lccowivV.  CW  \&^s^tion 
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lading  gear;  (2)  location  of  the  center  of  gravity;  (3)  inertia  forcea; 
lod  (4)  point  of  application  of  all  loads. 

Rolling  on  Ground.    When  a  nuichine  runs  along  the  ground 

in  iHsmal  position,  the  reaction  force  applied  at  the  wheeb,  being 

tquil  and  coincident  with  the  resultant  of  the  loads  and  inertia 

loRcs,  is  supposed  to  pass  through  the'  axis  of  the  wheels  and  also 

ftraigh  the  center  of  gravity  of  the  machine.    This  is  not  strictiy 

bw  because  other  forces  may  be  at  work  helping  the  machine,  viz,   ' 

lir  lotds  on  the  wings  and  other  surfaces.     However,  it  is  fair  to 

Mume  that  the  roughness  of  the  ground  produces  a  force  equal  to 

it  ioertia  forces.     If  the  rolling  friction   is   very   high   and   the 

nAase  kas  a  tendency  to  turn  its  nose,  the  tail  air  load  must  act 


''wnward  to  keep  the  machine  in  equilibrium,  whereas,  if  the  rol- 
^  fiiction  be  too  low,  the  air  load  on  the  tail  must  act  upward 
to  t«p  the  machine  rolling  on  its  wheels. 

If  the  roUing  friction  is  too  tow,  the  machine  will  have  a 
tanleiicy  to  "porpoise",  and,  if  it  is  too  high,  the  tendency  will  be 
Kr  the  machine  to  "nose  over",  but  it  appears  that,  if  the  wheels 
w  so  located  that  the  resultant  of  the  weight  reaction  and  rolling 
niflion  passes  through  the  center  of  gravity,  the  aeroplane  will 
tliea  be  stable  as  it  stnkes  or  rolls  on  the  ground.  It  is  true  that 
the  rolling  friction  is  an  exceedingly  variable  factor,  but  it  certainly 
ha  a  mean  value  and  it  may  be  assumed  that  the  inertia  of  rota- 
tion of  the  aeroplane  will  take  care  of  most  variations  Irom  tVi\s 
mean  value  of  rdll^g  /act/on.    It  is  not  advisable  to  assume  tWV 
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the  machine  will  land  ft-ith  a  perfect  "pancake"  effei-t, 
with  wheels  and  skid  together,  for  this  is  neither  the  worst  nor 
usual  condition  of  landing.  It  is  preferable  to  assume  that 
machine  will  land  nn  its  wheels  only,  in  normal  horizontal  poal 
and  with  tail  planes  neutral,  Fig.  V2~,  which  is  a  fair  mean  betfl 
the  possible  conditions. 

Method  of  Fituling  Stresses.  The  stresses  found  are  those 
to  the  normal  loads,  taking  no  account  of  shock,  and  since  sb 
does  not  alter  the  direction  of  the  forces  but  only  their  magnitl 
the  stresses  for  any  condition  of  shock  can  be  obtained  later 
applying  a  proper  constant  to  the  normal  stresses  or  by  chat 
the  scale  of  the  stress  diagran.  The  work  of  finding  the 
can  be  performed  according  to  the  following  plan: 

1.  Draw  thp  fuselage  under  n>nai deration  to  scale.  Fig.  128  A,  and  mail! 
it  the  centers  oJ  graviiy  of  the  various  loEtds  which  it  must  carry,  identi 
each  one  by  its  name  and  weight.  Analyse  each  one  or  these  loads.  Fig.  11 
and  apply  the  proper  proportion  to  each  one  of  the  joints  on  which  it  acta. 

2.  Draw  vertical  and  horizontal  funiculu'  polygons,  Figa.  128  C  and  19 
reapcc  lively,  or  two  polygons  at  an  angle  to  each  other.  The  int«r8ectk 
their  resultants  gives  the  position  of  the  ccDif  r  o[  gravity  of  the  system. 

3.  Draw  the  reaction  force  passing  through  the  center  of  gravity 
found  and  the  center  of  the  axle  and  make  all  load  vectors  parallel  to  it. 

4.  Draw  ihe  stresa  liiogram,  Fig.  128  E:  closure  will  be  considered 
cheek  on  the  work. 

5.  Design  each  member  according  to  the  stress  it  carriea.  taking  benda 
transverae  forces  into  account.     For  the  portion  of  a  strut  below  the  poii 
application  of  the  load,  add  tn  the  direct  Btrue  shown  by  the  stress  diagraa 
portion  of  that  load  which  has  been  uonsiderod  aa  applied  to  the  lower  end. 
the  upper  portion,  deduct  the  portion  of  the  load  which  had  t 
applied  to  the  upper  end. 

Step  5  shows  that  the  stress  diagram  is  not  the  final  o] 
in  finding  the  close  value  of  stresses  in  the  members  of  the  ft 
lage.  This  is  due  to  the  fact  that  this  truss  is  loaded  intemi 
Before  starting  to  draw  the  diagram,  the  forces  have  been  i 
composed  in  a  definite  way  and  it  is  now  necessary  to  correct 
the  effect  of  this  assumption  which  has  made  possible  the 
of  the  stress  diagram.  Step  5  indicates  how  the  proper  coi 
is  made  for  the  stresses  in  the  vertical  struts.  The  reason  i 
method  are  obvious.  A  similar  correction  should  l>e  applied  to 
hori2onta}  members.  It  is  dear  that  the  various  pin  pmnta  i 
laiiiitig  a  load   will   piirtake  ol  the  UfimowtaV  component  of 
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foioe  due  to  the  inertia  of  that  load,  not  necessarily  in  the  inverse 
ntio  of  their  distances  from  that  load  but  in  a  way  depending  on 
tfie  rigidity  of  the  members  through  which  this  load  is  connected 
to  than.  Thus,  instead  of  having  Fig.  129,  if  strut  a  were  elastic 


Fig.  129.    Diagram  Showing  Forces 
with  Rigid  Struts 


Fig.    130.     Diagram   Showing  Streaiiea  with 
Left  Strut  Elastic  and  Right  Strut  Rigid 


»nd  strut  b  rigid,  we  should  have  Fig.  130.  The  resultants  of  these 
si.'stems  are  equal  in  all  respects,  but  the  second  and  more  correct 
Msumption  would  cause  a  more  complicated  stress  diagram  which 
would  not  show  very  different  stresses  in  the  longerons.  It  seems 
quite  proper  to  make  these  corrections  afterward,  if  then  desirable, 
when  the  members  have  been  designed  and  their  degree  of  rigidity 
IS  known.  In  the  case  of  oblique  members.  Fig.  11^1,  both  a  ver- 
tical and  a  horizontal  correction 
must  be  applied.  Thus,  in  spite 
of  the  approximations  of  this  method 
to  close  accuracy,  there  is  still  room 


^>f.  131.     Diagram  Showing  Vertical 
and  Horixontal  Connections 
on  ObUque  Members 


Fig.    132.     Force   Diagram 
for  Fuel  and  Oil  Tanka 


for  the  engineer  to  make  some  corrections  based  on  good  judgment, 
but  these  corrections  need  not  be  made  in  onlinary  cases. 

Apflicatien  qf  Method.    The  present  example  illustrates  t\ve 
9piJic^tkm  of  the  method  proposed  here,  a  biplane  'w\t\\  ai  swwsX 
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variable  angle  of  incidence  being  assumed.    The  apportioning  of] 
loads  to  pin  points  is  as  follows: 

(a)  Engine  and  Propeller  110  Pounds.    This  load  will  be  ooDaidered 
applied  at  the  vertex  of  a  small  triangular  truss  which  is,  in  fact,  supplied  by  thtj 
engine  crankcase,  as  shown  in  Fig.  128  A. 

(b)  Tanks  for  Fuel  and  Oil.     (See  Fig.  128  A.)     In  this  caae  the  joint  a, 

Fig.  132,  must  take  — — — ,  or  14.3  pounds,  while  h  must  take  ,  or  5.7  pounds] 

14  .  14  1 

(c)  Wheels  24  Pounds.  These  rest  directly  on  the  ground  and  impose  noi 
stress  in  the  structure. 

(d)  Wings  125  Pounds.  As  in  the  case  of  the  power  plant,  these  are  taknj 
as  concentrated  at  the  joints  of  their  supporting  truss. 

(c)  Pilot  160  Pounds.  The  following  three  moment  equations  show  thil 
the  case  is  indeterminate,  as  might  be  expected  since  there  are  more  than  three 
points  of  support.     (See  Fig.  131.) 

14PFi+9.5^f,-16PFa-11.5TF4=0 

6IFi +61F,- 16TF,- 15PF4 =0 

H^i+>F2+IF,+W^4  =  160 

All  that  can  be  done  is  to  eliminate  one  of  these  terms  judiciously  by  setting,  for 
example 

We  then  have  three  equations  containing  three  unknown  quantities,  as  foUowe: 

UXlC^Wi 


14 
14 
14 


+9.51^,-161^2-11.51^4=0 


-feif'a- 161^,-151^4=0 
+  W^«+lV,-hlV4  =  160 


(I) 
(3) 
W 


clearing  of  fractions,  we  have 

01^2-1-9.51^,-11.51^4  =  0 
12.8561^2- 16ir,-15H^=0 
2.1421^2-1- H%-|- 1^4  =  160 

Solving  these  simultaneous  equjliBions,  we  have 

lfl  =  53.8lb. 
53.8X16 


Then 

also 
and 


1  — 


14 

\\\  =  24.4  lb. 
fir4  =  20.2  lb. 


=  61.5  lb. 


The  result  may  be  checkeJ  thus 

61.6+53.8-V24.4-V-W.'i»V5».'^\\i. 
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(0  Tiul  Works  30  Pounds.    Referring  to  Fig.  133,  the  tail  weight  of  30 
founda  will  be  distributed  as  7  to  3.    Then 

II' =21  lb.  • 

10 

30X3 
„•.  =  —  =  9  lb. 

At  this  point  it  is  interesting  to  study  the  retarding  effect  of  the  rolling 
which  has  been  assumed.    This  force  as  scaled  from  the  diagram  is 

F=147  1b. 

F^Ma 

■  W     508 
»   M«— =  - —  =  15.8  lb.  of  mass 
g      32.2 


SDd 


retardation  a  = 


147 


M 


15.8 


=  -9.3 


Applying  this  value  to  the  rotardc<l  motion  of  the  areoplane,  wo  have 

-;^=-9.3*S4-c 

m  which  V  is  the  velociiy  of  the  machine,  S  i.s  the  spaco,  and  c  is  a  constant  to  be 
determined. 

Proceeding  to  determine  the  value  of  c,  we  know  that  in  the  ca.se  of  a  landing 
made  at  40  m.p.h.  at  the  instant  of  first  contact  with  the  ground 

V  =  58.6  ft.  per  sec. IV| 

5=0 


and 


then 


58.6^ 


=  c  =  1720 


and  when  the  aeroplane  has  finally  come  to  rest 


and 


r=o 

5  =  — -  =  185  ft. 
9.3 


Fig.  133.     Force  Diagram  for 
Tail^Works 


This  figure  is  not  an  improbable  one  for  the  machine  in  question 
and  shows  a  capacity  on  the  part  of  the  landing  gear  to  take  care 
of  rather  rough  ground  without  causing  the  machine  to  turn  on  its 
nose.  If  this  figure  was  checked  on  the  field,  it  would  prove  that 
the  rolling  friction  had  been  correctly  assumed. 

CONTROLS   AND    CONTROL   SURFACES* 
Controls.    To  a  large  ejctent,  controls  have  been  standardized, 
French,  American,  and  German  machines  employing  the  Deperdu^sviv 
t>-pe,  or  so-<»lled  V  bridge  control,  Fig.  J  34,  while  moat  Bi\l\^\v 

ma  mrthh by  W.  J,  WmUrhouae,  in  Aviation. 
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machines  use  the  stick  type,  facetiously  referred  to  by  the  {ulots 
as  the  "joy-stick".  The  U  bridge  control,  as  shown  by  the  dilk- 
gram,  not  only  lends  itself  to  great  structural  strength  but  also 
affords  greater  freedom  of  movement  to  the  pilot,  whose  k;|V 
extend  throu^  the  U  and  rest  on  the  rudder  control  bar, 
shown  in  the  illustration.  The  U  bridge  is  pivoted  on  the 
rwl  and  its  longitudinal  movement  controls  the  elevating  surfaoefl, 
while  the  rotation  of  the  hand  wheel  controls  the  ailerons  and, 
hence,  the  lateral  stability  of  the  machine. 

Force  Applied.    The  average  control  gearing  has  a  ratio  of 
2   to  1  between  the  levers  and  the  controlled  surfaces  in  the  tail 


unit,  so  that  the  force  applied  at  the  control  is  doubled  at  the  sur- 
faces. Tests  carried  out  by  the  author  of  the  article  in  question 
demonstrated  that  the  average  roan  could  exert  directiy  upon  the 
controls  200  pounds  push  or  pull  on  the  control  bridge,  or  yoke; 
1.50  pounds  twist,  or  torsion,  upon  the  aileron  controlling  wheel; 
and  200  pounds  force  upon  the  rudder  bar.  These  figures  reprt- 
sent  the  average  of  several  tests  under  normal  conditions;  in 
emergencies  or  under  the  influence  of  fear,  much  greater  forces 
could  probably  be  brought  to  bear.  Owing  to  the  influence  of 
centrifugal  force  upon  the  body  of  the  pilot  in  coming  out  of  t 
loop  or  a  steep  dive,  the  stresses  imposed  upon  the  seat  rails  mtH 
amount  to  five  or  six  times  the  normal  load.  One  instance  ii 
recorded  in  which  the  pilot  in  conanft  ou\.  <A  a.  \aa^  ■««  V««& 
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entirely  through  hia  seat,  though  he  managed  to  r^tun  control  in 
tme  to  land  safely. 

Stabilizers,  or  Tall  Planes.  Fig.  135  illustrates  the  plan  and 
Hm  ade  and  end  views  of  the  usual  form  of  horizontal  stabilizer 
m  well  as  its  framing,  bracing,  and  method  of  attachment  (the 
devatoTS  also  being  included).  The  L'.S.  Army  specifications  call 
far  a  factor  of  safety  of  two  and  one-half  in  stabilizers  and  eleva- 
tors, when  set  at  an  angle  of  incidence  of  —20  degrees  and  —6 
degrees,  respectively,  for  a  speed  of  100  miles  per  hour. 


Jjxuiing   Testa.     For  the  purposes  of  the  present  article,  the  air 
loads  on  the  tail  surfaces  for  a  two-seated  uimrmed  tractor  biplane 
of  the  reconnoissance  type,  having  a  150-100  h.p.  motor,  a  weiglit 
of  2750  pounds,  and  a  speed  range  of  87  to  45  miles  per  hour, 
have  been   investigated.    The  average  loading   on  the  stabilizers 
and  elevators  for  a  machine  of  this  type  under  the  conditions  pre- 
scribed by  the  government  specifications  is  approximately  equivu- 
.    lent  to  50  pounds  per  square  foot  for  the  stiibilizcrs  and  22  poundia 
per  square  foot  for  the  levators.    This,  however,  is  based  otv  tW 
^    umnpttao  tb»t  the  elevators  and  the  stabilizers  are  working  \n  & 
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free  and  undisturbed  flow  of  air.    As  a  matter  of  fact,  it  is  gener* 
ally  conceded  that  the  flow  of  air  past  the  stabilizers,  when  at 
high  or  low  angles  of  incidence,  is  broken  into  eddies,  causing  con- 
siderable interference  with  the  air  pressure  on  the  elevators  and  the 
rudder  while  they  are  being  turned  through  their  working  range  of 
positive  and  negative  angles.    Owing  to  the  lack  of  reliable  wind- 
tunnel  data,  however,  they  are  treated  here  as  though  no  interfop- 
ence  existed.     In  the  tests,  the  elevators  and  stabilizers  used  had 
double-cambered  surfaces  and  the  structural   elements  were  sym- 
metrical, so  that  the  strength  was  the  same  whether  the  load  acted 
vertically  upward  or  downward.    The  surfaces  were  attached  to  a 
jig  specially  designed  to  support  them  in  the  same  manner  as  if 
attached  to  the  body  of  an  aeroplane.    Small  bags  of  sand  wei^ 
ing  17^  pounds  each  were  employed  as  the  load  and  were  distrib- 
uted uniformly  over  the  entire  surface.    The  elevators  sustained  a 
distributed  load  of  455  pounds,  or  27J  pounds  per  square  foot,  | 
while  the  stabilizers  sustained  a  distributed  load  of  2250  pounds^ 
or  55^  pounds  per  square  foot.    None  of  the  wooden  parts  were 
affected  by  the  breaking  strain,  the  failure  of  the  metal  fittings 
alone  being  responsible  for  the  collapse  of  the  structure.    This  veri- 
fies what  has  frequently  been  pointed  out,  that  is,  that  the  metal 
fittings  of  many  control  surfaces  constitute  the  weakest  elements 
of  the  design. 

Stabilizer  Design.  Fig.  135  shows  the  usual  trend  of  stabilizer 
design,  that  is,  a  double-cambered  surface  consisting  of  a  rigid 
rectangular  or  I  section  as  the  trailing  edge  c,  ^th  the  ribs  ^ 
spaced  at  equal  intervals,  the  forward  ends  of  /hese  ribs  bein^ 
mortised  into  a  curved  leading  edge  b  to  giver  the  surface  th^ 
desired  form.  Stabilizers  are  sometimes  madf  in  two  section— 
fastened  to  opposite  sides  of  the  body  about  nfdway  between  th 
upper  and  the  lower  longerons,  but  since  the 
this  point  is  usually  very  small,  a  lighter  s 
strength  can  be  made  by  designing  the  surf) 
placing  it  directly  on  top  of  the  body.  It  is 
by  fastening  it  to  the  longerons  at  the  poin 
view  A)  and  is  braced  at  the  trailing  edge 
tubing  at  a  point  as  close  to  the  elevator 


th  of  the  body  a^ 

ure  for  the  sam^ 

in  one  piece  ancf 

cured  to  the  latter 

d,  e,  and  /  (plam 

stream-lined  steel 

as  possible  (end 


view  B). 
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Flmtlor  Druiijn.  Iti  general,  the  design  of  the  elevators  varies 
■  .  Fig.  1:I6  illustrating  the  usual  practice.  The  leading  edge  a 
-i-t.s  of  either  it  steel   tube   (general   practice   on   the   German 


ties)  or  a  spruce  1   Wam.  while  the  trailing  edge  b  is  either 
led  wood  or  a  light  gage  flat  steel  tubing.     The  ribs  d  usually 
of  the  conventional  web  and  batten  strips  iif  spruce,  bass,  or 
■•niUr  light  wood,  the  complete  stnicture  being  stiffened  by  cross 
lAiin^  with  light  gage  steel  wire  and  a  transverse  wuiwi  brace  c, 
'hown.     Formerly,  the  common  practice  was  to  lace  the  fabric 
I'riiig  to  a  wire  stretched  along  tlie  trailing  edge  and  fa-stened  to 
li  rib,  hut  the  modem  construction  is  that  shown  in  the  illustra- 

I  Laminated  wood  for  the  trailing  edge  has  the  advantage  of 
Hghter  and  easier  to  attach  than  steel  tubing  as  well  as  that 

'  cinag  way  at   the   point  of  stress  when  striking  obstructions. 
''II  iln-  trailing  edge  strikes  a  n»>l  or  sts3f.e  and  as  a  TCS^l\t^i\e 
nircd  ami  the  etlf^e  passes  aroutid  the  obstruelum,  \1 
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l/tf1INf^TEl>^¥^OaO 


Fig.  138.     Typical  Rudder 
Confltruction 


edge  is  of  wood,  it  fails  between  the  two  nearest  points  of  suppor 
only,  leaving  the  surface  in  working  condition  until  repairs  can  h 

made.  If  the  edge  is  of  steel  tubing 
since  the  tubing  is  many  times  strongei 
than  the  wood  members  holding  it  in 
place,  it  pulls  free  from  the  surface  and 
carries  portions  of  the  fabric  and  struc- 
ture with  it.  If  the  edge  is  of  sted 
tubing  bent  to  shape  and  welded  or  riv- 
eted to  the  remainder  of  the  framing, 
the  entire  elevator  is  torn  away  from 
the  stabilizer  and,  in  case  the  hinges 
withstand  the  strain,  the  entire  tail  unit 
may  be  carried  away. 

Fig.  137  shows  the  relation  of  the 

elevators  to  the  stabilizers  and  the  cable 

connections  for  operating  the  elevators. 

c<n.n^os-AviaiM\N^YarkCiiy  j^  j^  ^bvious  that  by  Supporting  the 

elevators  at  the  three  points  c,  6,  and  c  along  the  trailing  edges,  as 
indicated,  the  surface  can  sustain  a  greater  uniformly  distributed 
load  than  if  they  were  supported  at  but  one  point  6.  This  is 
equally  true  of  the  rudder,  stabilizers,  and  ailerons. 

Rudder.  The  usual  form  of  rudder  construction  is  shown  in 
Fig.  138.  The  leading  edge  is  a  steel  tube  equipped  with  special 
metal  fittings  to  which  are  attached  the  ends  of  the  laminated 
wood    trailing   edge   as   well   as   those   of   the   ribs,  the  structure 

being  made  rigid  by  the 
use  of  diagonal  wood 
braces.  Ordinarily,  a  sin" 
gle  bracing  wire  is  led  frofl* 
a  point  a  on  the  ruddef 
where  the  rib  intersects 
the  trailing  edge  across  the 
rudder  diagonally  to  6  and 
is  there  fastened  to  the 
control  mast. 

ConiioX  Mast.    Fig.  130  illustrates  the  t^'pe  of  control  mast 
now  in  general   use.    The  mast  piopet  a  «avA.  \jRa  baae  b  arc 


BPniEO 


BR5EPLHTE 


INilD£D 


Fig.  139.     DctaiU  of  ContrnI  Most  Construction 
Courtesy  of  *'ATiatwn'\  \ew   York  City 
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stamped  from  sheet  steel,  the  former  in  the  shape  shown  at  the 

;  left   It  is  then  bent  to  form  and  brazed  at  the  joint,  after  which 

'  it  is  welded  to  the  base  plate.    Since  the  load  on  the  elevator  is 

tnosmitted  through  guy  wires  to  the  top  of  the  mast  and  at  that 

point  is  balanced  by  the  pull  on  the  control  lead,  it  is  evident  that  the 

itaos  in  the  mast  is  chiefly  that  of  compression.    When  the  angle 

*   between  the  control  mast  and  the  lead  is  acute,  provision  is  nec- 

OBary  to  take  care  of  the  thrusts  in  the  horizontal  plane,  as  shown 

by  the  wires  d,  e,  h,  and  i  in  the  end  view  of  the  tail  unit.  Fig.  135. 

During  the  loading  tests  mentioned,  control  masts  designed  as 

alwwn  in  Fig.  140  failed  long  before  the  structure  itself  collapsed. 


^==€w 


Tig.  140.      Type  of  Control  Mast 
That  Failed  under  Test 

Courtety  of  "Ariation",  New   York  City 


Fifi.  141.     Improvinl  Type  of 
Control  Ma:*t 

Courtcny  of  'Wruition\  Sew  York  City 


because  of  the  fact  that  the  point  of  attachment  a  for  the  control 
lead  was  so  far  above  the  point  of  attachment  b  of  the  guy  wire 
that  the  part  failed  by  bending  across  the  portion  just  below  the 
point  6,  owing  to  the  horizontal  component  of  tlie  force  exerted 
tlirough  the  control  lead  acting  through  the  distance  c.  It  was 
necessary  to  replace  the  mast  with  one  similar  in  design  to  the 
njast  shown  in  Fig.  141  before  the  tests  c-oiild  he  completed.  It 
^  be  noted  that  in  the  latter  design  the  control  lead  and  elevator 
brace  wires  pull  from  the  same  point,  thus  overconiing  the  canti- 
lever effect  of  the  pull  on  the  control  lead  at  tlie  i)()int  a  in  the 
design  that  failed. 

STABILITY 

Definition   of  Stability  and    Instability.    A   Ixwly   \u  tuoXaow 
which  ma^tainsa  state  of  equilibrium  and  which,  when  t\vAt  sU\\v 
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of  equilibrium  is  disturbed  by  external  forces,  brings  to  bear  reac- 
tions that  tend  to  restore  it  is  said  to  be  stable.     If,  on  the  conr 
trary,  when  its  uniform  movement  in  equilibrium  is  disturbed  the 
reactions  produced  by  this  disturbance  tend  to  destroy  its  equi- 
librium still  further  instead  of  restoring  it,  the  body  is  said  to  be 
unst^ible.     For  example,   if  an   aeroplane  filing  along  a  straight 
course  is  suddenly  struck  by  a  quartering  gust  of  wind  from  beloW, 
both  the  wing  on  that  side  and  the  tail  will  be  raised  and  the 
machine  will  tend  to  upset  sideways  and  to  nose  dive  at  the  same 
time.     But,  if  the  design  of  the  aeroplane  be  such  that  this  dis- 
turbance, by  altering  the  attitude  of  the  machine,   immediatdx 
brings  into  play  reactions  that  tend  to  restore  the  normal  flying 
equilibrium,  the  aeroplane  is  said  to  he  stable.     In  such  a  machine* 
iniless  the  gust  were  a  powerful  one  requiring  the  operation  of  th^ 
controls  to  offset  its  effects,  the  pilot  would  not  notice  the  disturb- 
ance, since  the  changes  in  the  speed  and  direction  of  the  wind  to 
which  an  aeroplane  is  constantly  subject  in  flight  are  counteracted 
by  the  restoring  forces   set   up   by   these  disturbances  and  thu3 
equilibrium  is  maintained.     If  the  gust  of  wind  produces  a  reaction 
which  tends  to  aggravate  instead  of  nullify  its  effects,  the  machine 
is  an  unstable  type,  and,  even  though  the  initial  disturbances  are 
of  no  great  value,  the  pilot  is  compelled  to  resort  to  the  controls 
constiintly  to  counteract  their  effects,  since,  unless  checked,  the  latto" 
would  assume  serious  proportions. 

In  the  foregoing  outline,  it  has  been  made  to  appear,  for  greater 
simplicity,  as  if  the  reaction  in  question  c*onsisted  of  a  single 
movement  commencing  immediately  on  the  occurrence  of  the  dis^ 
turbing  force  and  ceasing  the  moment  that  equilibrium  is  restored. 
This,  of  course,  is  not  usually  the  case.  In  reacting  to  counteract 
the  disturbances  the  machine  goes  beyond  the  point  of  equilibrium 
and  then  swings  back  Ix^yond  it  again  in  the  original  direction, 
that  is,  it  oscillates.  One  of  the  finictions  of  stability  in  the  design 
of  an  aeroplane  is  to  damp  out  these  oscillations. 

Neutral  Instability.  In  addition  to  the  stable  and  unstable 
tyjK^s  of  bcnlies  moving  in  equilibrium,  it  is  evident  that  there  is  a 
thin!  class:  a  type  which,  when  subjecttnl  to  a  disturbing  force,  is 
(lisplawd  an  amount  which  is  the  exact  equivalent  of  that  force 
without  having  any  tendency  e\tV\CT  to  i^tove  itself  to  its  original 
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{e  of  niuililiriiim  or  to  move  any  farther  than  it  is  carried  hy 
111  uther  words,  it  neithiT  npposi's  nor  iiggravatt-s  the 
s  of  the  disturbing  force  and  is  aefordinnly  ^^i''  to  be  hcm- 
f  utiflalilf. 

Is  of  Stability  Necessary.  Aa  it  is  evident  that  all  dia- 
»  (if  tlie  iteropianc's  equilibrium  are  not  equally  important, 
iDows  that  as  regards  some  of  them,  such  as  those  alTectiiig  its 
^uilinal  or  luteral  balance,  it  should  be  stable;  and,  as  reKards 
jch  as  tbdse  which  merely  affect  its  direction  of  motion  in 
mtftl  plane,  it  may  mth  advantage  be  neutral,  since  this 
s  less  resort  to  the  controls.  But  to  be  controllable,  it  is 
1  that  the  aeroplane  be  gi\en  a  certain  degree  of  stability' 
!.  ihrw  planes:  longitudinal,  lateral,  and  direetional.  The  disturb- 
>-'i  movements  corresponding  to  these  are:  pitching,  rolling,  and 
'TOng;  that  is.  longitudinal  instability  causes  an  aeroplane  to 
;>ii'!i  with  a  movement  similar  to  that  of  a  seesaw;  lateral  insta- 
bility causes  it  In  rtill  badly  in  the  same  manner  that  a  steamer 
'irti  but  a  small  amount  of  cargo  in  it  rolls  in  a  beam  sea;  and 
'irrtlional  instability  causes  it  to  yaw  under  the  influence  of  dis- 
'urbiiig  gusts,  in  other  words,  it  is  forced  off  its  eourw  and  has  to 
iic  bmuglit  \Mu'k  after  each  gust  by  the  use  of  the  rudder.  The 
ymng  of  an  aeroplane  corresjwnds  to  the  same  movement  of  a 
'es*d  paused  by  a.  quartering  sea. 

Longitudinal  Stability.  In  order  that  a  surface  may  be  stable 
"heii  moving  against  the  wind,  its  center  of  pressure  must  move 
f"r»artl  in  proportion  to  the  decrease  in  the  angle  that  the  surface 
pfeieDts  to  the  wind.  For  example,  in  a  flat  surface  at  right 
mrfw  to  the  current  of  air,  the  center  of  pressure  would  be  repre- 
■Nl«J  by  a  transverse  line  across  the  center  of  the  surface.  As 
''"'  JMigle  of  inoidenw  of  the  latter  is  decreased,  the  center  of  pres- 
rp  moves  forward  until,  when  the  surface  is  [wrallel  to  the  wind, 
''■■<■  trnter  of  pressure  coincides  with  the  leading  edge  of  the  surface, 
li  a  surface  is  accordingly  stable  longitudinally.  On  a  cam- 
I  surface,  such  as  used  on  aeroplanes,  the  center  of  pressure 
s  forward  in  the  same  manner  if  the  angle  of  incidence  of  the 
i  decreased  from  90  degrees  to  approximately  .10  deg^e^, 
1  these  limits  the  umier  .side  only  is  presented  \o  ^^\e 
t  the  siirfHcv:  acts  exactly  as  if  it  were  flat.    To  Tcavft- 
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mize  the  resiatance,  or  drift,  of  an  aeroplane  wing,  however,  it  i 
necessary  to  set  it  at  an  angle  of  inddence  not  exceeding  0  to  I 
degrees.    Otherwise,  the  drift  wonld  be  much  greater  tJian  the  I 
produced.     But   at   these   small   angles   (the   wings   of   high-speed 
machines  are  set  at  angles  of  3  to  4  <legrees},  the  curvature  of  tl 
upper  surface  causes  it  to  assume  a  negative  angle  of  inddeii 
and  produces  a  downward  pressure  on  that  surface.     This  caua 
the  center  of  pressure  to  move  backward  and  any  decrease  in  t 
angle  of  inddence  aggravates  this  movement,  causing  the  surf 
to  dive  forward.     Conversely,   a   great   increase   in   the   angle  ( 
incidence  would  cause  the  center  of  pressure  to  move  so  far  f 
ward  that  the  rear  of  the  surface  would  drop.     In  the  first  insta 
the  surface  would  make  a  nose  dive,  and,  in  the  second,  a  tail  div^ 

StabUizer.    The  camljered  surface  is  not  naturally  stable  a 
consequently,  a  correcti\-e  must  be  prorided,  which  is  the  t 
tion  of  the  horizontal  stabilizer.    This  consists  of  a  smaller  sui 
placed  at  the  rear  end  of  the  fuselage,  through  which  it  acts  asl 
lever.     When  the  main  planes  tend  to  nose  dive,  the  downwi 
pressure  on  the  stabilizing  plane  is  correspondingly  increased; 
they  slip  back,  or  start  a  tail  di\'e,  the  upward  pressure  on  t 
tail  is  increased.     In  either  case,  the  increased  pressure  at  the  e 
of  the  long  lever  forces  the  main  planes  back  to  their  nomisl  a 
tude.    Technically,  a  restoring  couple  is  brought  into  play  a 
in  a  properly  designed  machine,  also  a  damping  couple  which  te 
to  damp  out  the  oscillations  that  result  from  the  opposed  fon 
In  order  that  this  restoring  couple  may  act  most  effidenUy.  i 
main  and  tail  surfaces  are  placed  at  different  angles  of  inddeo 
In  the  majoritj'  of  cases,  tlie  angle  of  inddence  of  the  stabilize] 
25  to  30  per  cent  of  that  of  the  main  surfaces.     In  some  cases,  t 
stabilizer  is  set  flat  and,  in  others,  at  tlie  same  angle,  but,  as 
surface  engages  air  that  has  already  been  deflected  downward ' 
the  main  planes,  this  is  equivalent  to  a  lesser  angle  of  inddeil 
owing  to  what  are  called  the  wake  effects.     This  difference  in  t 
inddence  of  the  two  surfaces  is  known  as  the  longitudinal  dihfii 
and  it  has  the  same  restoring  action  as  a  ditferencc  in  the  ii 
dence  of  the  main  surfaces,  which  is  treated  under  the  1 
"Stag'ger  and  Camber  of  Biplane  Wings".    Originally,  the  s 
hingsurface  was  placed  forward  ol  t\ie  mam 'pXa.tvc^.bwt thee 
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angle  of  incidence  which  it  was  necessary  to  give  this  surface  in 
order  to  obtain  the  proper  degree  of  stability  cut  down  the  speed 
90  much  that  the  practice  was  abandoned. 

Lateral  Stability.  Theoretically,  the  setting  of  the  main  Ufting 
sui&oes  at  a  dihedral  angle  pro\ides  a  high  degree  of  lateral  sta- 
bility, but,  as  explained  under  the  heading  "Dihedral  Angle",  the 
disad\'antages  involved  more  than  offset  this  advantage.  A  sUght 
dihedral  angle  is  still  employed  on  a  number  of  aeroplanes,  though 
probably  in  a  still  greater  number  its  use  has  been  discarded  alto- 
gether. Inherent  lateral  stability  is  provided  in  the  modern  aero- 
plane by  the  proper  location  of  the  center  of  gravity,  the  disposition 
of  the  vertical  surfaces  equally  above  and  below  the  longitudinal 
axis  of  the  machine,  and  a  variation  in  the  angle  of  incidence  of  the 
wing  tips  to  counteract  the  torque,  or  twisting  action,  due  to  the 
propeller.  Numerous  expedients  were  resorted  to  in  the  early  days  to 
produce  lateral  stability,  one  of  the  commonest  being  the  placing  of 
^cal  fins,  or  keels,  on  the  wing  tips,  but  these  expedients  have 
aDbeen  discarded  in  favor  of  the  three  features  of  design  mentioned. 

Cefder  of  Graniy,  It  is  evident  that  if  the  center  of  gravity 
of  the  machine  is  too  low,  it  has  the  effect  of  a  pendulum  which 
tends  to  aggravate  any  disturbing  influence,  setting  up  powerful 
oscillations  which  are  difficult  to  counteract  or  damp  out  except  by 
the  addition  of  extraneous  surfaces  which  have  no  other  function 
wid  only  serve  to  increase  the  weight  and  drift.  Placing  the  cen- 
ter of  gravity  too  high  would  involve  an  even  greater  danger, 
snce  its  displacement  beyond  a  certain  angle  would  then  totally 
destroy  the  lateral  stability  of  the  machine  and  cause  it  to  turn 
over.  It  is  accordingly  evident  that  the  center  of  gravity  should 
^  located  at  a  point  where  the  efl'ect  of  disturbances  upon  it  is 
•Uch  as  to  cause  the  minimum  displacement.  This  is  either  at  a 
HMnt  coinciding  with  the  center  of  resistance  or  slightly  below  it. 
lie  importance  of  the  proper  location  of  the  center  of  gravity  is 
rought  out  at  greater  length  in  the  text  **Desigri  and  Construction 
'  Aeroplanes". 

Vertical  Surfaces.    Early  types  of  aeroplanes  were  built  with- 
t  any  body,  the  auxiliary  surfaces  being  located  on  the  ends  of 
triggers  extending  either  in  front  of  or  behind  the  maiii  suTlyice'S. 
le  j^iat  was  entirely  unprotected  so  that,  apart  from  tVve  suHaefe 

QQQ 
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presented  by  his  body,  the  only  vertical  surfaces  on  the  madiin( 
were  the  fins,  or  keels,  provided  as  lateral  stabilizers.  Bleriot.waJ 
one  of  the  first  to  depart  from  this  practice,  and  the  precedent  h( 
established  has  since  been  generally  followed.  The  vertical  sur 
faces  of  the  present-day  machine  accordingly  consist  largely  of  th 
sides  of  the  fuselage  from  the  nose  to  the  rudder  post.  But,  owinj 
to  the  taj)er  of  the  fuselage  to  the  usual  vertical  knife  edge  at  tb 
rudder  post,  the  greater  part  of  the  side  surface  that  the  body  pre 
sents  is  below  the  longitudinal  axis  of  the  machine.  This  condi 
tion  is  ordinarily  balanced  by  placing  a  vertical  fin,  or  keel,  ovc 
the  horizontal  stabilizer  at  the  end  of  the  fuselage.  The  tendenc 
of  a  gust  of  wind  which  strikes  the  lower  side  of  the  vertical  su 
face  of  the  body  (just  above  the  landing  gear  where  it  is  broades 
to  turn  the  machine  over  is  thus  counteracted  by  the  increase 
pressure  resulting  on  the  vertical  fin  aft,  while,  when  the  cond 
tions  are  reversed,  the  body  acts  the  same  in  capacity.  The  su 
face  of  the  vertical  rudder  is  so  disposed  as  to  maintain  a  balani 
in  the  amount  of  surface  presented  above  and  below  the  longiti 
dinal  axis. 

Angle  of  Incidence.  The  twisting  effect  of  the  revolution  < 
the  propeller  is  offset  by  varying  the  angle  of  incidence  of  t\ 
wings  at  their  tips,  so  that  increased  lift  is  provided  at  one  er 
and  a  corresponding  decrease  at  the  other.  The  former  variatic 
is  termed  the  "wash-in''  and  the  latter  the  '*wash-out'',  these  tern 
and  the  features  of  design  to  which  they  refer  having  been  explainc 
in  detail  under  the  heading  "'Wash-In'  and  *Wash-()ut"\ 

Directional  Stability.  Directional  stability  is  obtained  by  pn 
portioning  the  amount  of  vertical  surface  behind  the  center  < 
gravity  to  the  leverage  it  is  enabled  to  exert  upon  the  main  plaiK 
owing  to  its  distance  from  them,  due  consideration  l>eing  given  1 
the  forces  set  up  in  the  main  planes  by  gusts  of  wind  strikin 
them  from  the  side.  The  result  is  to  set  up  a  restoring  coup 
which  automatically  brings  the  machine  back  to  its  normal  line  ( 
flight  when  a  side  wind  strikes  eitlier  the  main  planes  or  the  ve 
tical  fin.  If  the  vertical  fin  cannot  exert  sufficient  leverage  1 
accomplish  this  end,  the  machine  will  yaw  badly  whenever  stnic 
by  a  side  gust  and  the  pilot  will  be  compelled  to  use  the  rudd( 
to  bring  the  aer()i)lHne  back  on  \ts  cowT^e.     k  ^vcc^^x  leseJ^.'^ 
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follow  when  the  vertical  fin  is  so  large  that  it  •"overpowers"  the 
main  planes.  In  either  case,  the  machine*  is  directionally  unstable 
aDd  will  yaw  constantly  in  flight. 

Directional  stability  is  also  increased  by  "washing  out*',  or 
decreasing  the  angle  of  incidence  at  the  wing  tips  on  either  side, 
since  it  is  at  these  points  that  the  effect  of  side  gusts  is  felt  most 
strongly,  owing  to  their  distance  from  the  vertical  axis  of  the 
madiine.  This  is  the  reason  for  a  variation  in  the  angle  of  inci- 
dence of  the  wing  from  root  to  tip  found  in  many  machines,  the 
effect  of  the  propeller  torque  being  overcome  by  varying  the  angle 
of  mddence  of  the  wing  tips  with  relation  to  each  other,  apart 
from  the  taper  mentioned.  The  decrease  in  the  angle  of  incidence 
of  the  main  planes  toward  the  tips  is  also  an  advantage  with 
respect  to  the  ailerons,  since  their  effectiveness  dej)ends  upon  the 
relation  between  their  angle  of  incidence  and  that  of  the  main 
planes  and,  if  the  latter  is  already  small,  the  desired  effect  can  be 
produced  by  operating  them  to  a  smaller  extent,  thus  minimizing 
the  drag  that  they  exert  when  moved  down  or  up. 

MISCELLANEOUS  FEATURES 

Speed  Range.  The  problem  of  speed  in  the  aeroplane  is  not 
naerely  that  of  attaining  a  maximum  speed,  since  the  machine 
niust  be  landed  as  well  as  flown  and,  while  it  is  essential  that  the 
Jnachine  should  have  as  great  a  speed  as  possible  in  the  air,  it  is 
equally  desirable  that  it  should  have  a  moderate  landing  speed. 
The  difference  between  the  two  is  known  as  its  speed  range,  and 
the  problem  that  confronts  the  designer  is  to  increase  this  range 
hy  securing  a  greater  maximum  speed  and  at  the  same  time  keeping 
the  minimum    down.    To  secure  a  greater  speed,   the   power  is 

• 

uicreased  while  the  lifting  surface  and  the  angle  of  incidence  at 
^hich  this  surface  attacks  the  oncoming  air  are  decreased.  This 
decrease  tends  to  raise  the  minimum  speed,  since  the  smaller  the 
surface  and  the  lower  the  angle  of  incidence,  the  more  rapidly 
that  surface  must  be  driven  through  the  air  to  sustain  itself. 
Eventually,  it  will  undoubtedly  become  possible  to  construct  an 
aeroplane  in  which  the  angle  of  incidence  of  the  supporting  sur- 
faces may  be  altered  at  will  by  the  pilot,  so  that,  wWw  aV>ll,  \\. 
>nay  be  reduced  to  the  mjnimum  necessary  to  make  t\\e  msieYvvwe; 
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self-sustaining,  while,  in  alighting,  it  may  be  increased  to  a  degree 
that  will  act  as  a  very  powerful  brake  and  permit  landing  at  » 
moderate  speed,  regardless  of  the  maximum  attainable.    Until  that 
end  has  been  achieved,  however,  the  speed  range  of  the  aeroplane 
must  be  in  the  nature  of  a  compromise.    As  the  maximum  is 
raised,  the  minimum  increases  as  well,  though  not  always  in  the 
same   proportion,    as   may   be   noted   by   citing   a   few   examples 
selected  at  random.    From  these,  it  will  be  evident  that  the  same 
maximum  fl>ing  speed  does  not  necessarily  mean  the  same  landing 
speed.    For  instance,  the  Standard  twin-motored  hydroaeroplane, 
has  a  flying  speed  of  80  m.p.h.  and  a  landing  speed  of  45  m.p.h., 
whereas  the  Curtiss  fl}ing  boat,  which  has  the  same  landing  speed, 
flies  at  its  maximum  at  Go  m.p.h.    The  Sopwith  scout  (British) 
has  a  maximum  speed  of  95  m.p.h.  but  lands  at  40  m.p.h.,  while 
the  Curtiss  JXB-4  model   flies  at  but  75  m.p.h.  and  lands  at  43 
m.p.h.    The  Burgess  scout  seaplane,  which  has  the  same  maximum 
speed  as  the  Sopwith,  lands  at  50  m.p.h.,  and  the  Curtiss  triplane 
scout,  which  has  a  landing  speed  but  five  miles  faster  than  this, 
can  fly  at  115  m.p.h.    The  S.V.A.  fighting  scout  (Italian)  flies  at 
125   m.p.h.   and  lands  at  45  m.p.h.     As  an  example  of  the  low 
speeds  necessary  in  a  training  plane,  the  Lawson  having  a  speed 
range  of  06-37  m.p.h.  may  be  cited. 

Size  Limitation.  Advantages  of  Great  Size.  Is  there  any 
practical  limitations  to  the  size  of  an  aeroplane,  and,  granted  that 
machines  very  much  larger  than  those  now  in  use  can  be  built, 
does  this  increase  in  size  offer  any  particular  advantages?  A  very 
few  years  ago,  the  first  part  of  this  query  would  have  been  answered 
in  the  affirmative,  while  its  second  half  would  have  received  an 
equally  strong  negative.  Like  many  other  queries  that  continue 
to  be  simply  interrogation  })()ints  so  long  as  a  discussion  ^^  the 
pr()l)lems  they  involve  is  confined  to  theory,  these  two  questions 
have  been  answered  l\v  tlie  building  of  huge  machines  such  as  the 
Ilandley-Page  biplanes  and  the  Caproni  biplanes  and  triplanes. 
These  big  machines  are  c(iiiip})ed  with  two  and  three  powerful 
motors,  and  not  the  least  of  tlie  advantages  they  embody  is  the 
fact  that  any  one  of  the  motors  is  sufficient  to  keep  the  machine 
a/o/t,  so  that  the  danger  of  having  to  make  a  forced  landing 
because  of  engine  failure  is  praeticaWy  e\\mYv\aX^.    Q^Jaet  edvan- 
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•s  ait  the  ability  to  fly  long  distances  with  heavy  iundit,  such 
'  are  itnpenitive  in  the  long-range  bcmltiiig  expeditions  now 
i'itig  carried  out,  and  tlie  fact  that  the  crew  is  more  coni/ortably 
"TiMiuoduted  tliaii  in  smaller  aeroplanes  so  that  long  (lights  may 
Ivuiade  without  exhausting  the  men.  The  cruising  range  of  these 
^i\X  niftchincs  may  always  be  extended  in  emergencies  by  cutting 
'i!r  one  of  the  motors,  thus  traveling  at  a  reduced  speed  in  accord- 
"■«  with  long  established  naval  practice  and  making  the  available 
irl  supply  last  longer. 

llanilley-Pagf.  Some  idea  of  the  size  of  the  I  landley-Page 
limine  may  be  gained  by  the  relative  size  of  the  spectators  and 


ittendants  beside  it.  Fig.  142.     Its  upper  wing  has  a  span  of  100 

'set  aiwl  its  total  lifting  surface  is  1700  square  feet.     Fully  loaded.- 

t  ureaghs  close  to  fi  tons  (11,500  p<.iunds),  despite  which  it  lias  a 

rpeed  range  of  iK)  to  40  miles,  so  that  its  landing  speed  does  not 

■xce«l   tliat  of  many  of  the  very  small  high-speed  Hyers.     It  can 

■■';h   lO.OOO  feet  in  approximately  ;iO  minutes,  and  it  can  fly  at 

'   >iiiecd  for  nine  hours.     Its  endurance  is  not  baaed  merely  on 

amount  of  fuel  carried,  as  a  machine  of  this  t>T>e  made  a 

.  I '  I    from   lyondon   to  Home  with  a  crew  of  five  men  in  seven 

,!-^  fi>'ing  time.    On  another  occasion,  a  Handley-Page  biplatie 

'     from   l»l)clon   to  Vans  io   two  hours  and   ten   nutiutea,    \ts 

"'/qf  :ipreJ  h/vi  betti-red  the  rating  given,    as   it  ta*  t\\iril«A 
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10,000  feet  in  25  minutes  with  full  load,  an  altitude  of  13,000  1 
being  reached  in  this  trial.  With  twenty-two  men  aboard,  it 
climbed  to  an  altitude  of  7180  feet.  In  the  first  machines  of  1 
type,  the  car  was  armored,  the  biplane  without  its  power  pi 
weighing  6500  pounds.  In  the  later  machines  this  feature 
been  omitted,  effecting  a  saving  in  weight  of  500  pounds.  Impro 
ments  in  the  stream-lining  of  the  car,  engine  mountings,  and  rat 
tors  have  also  increased  its  speed  to  95  miles  per  hour  at  10,000  f 

Engines  of  different  types  have  been  installed,  the  power  pli 
of  the  first  models  consisting  of  two  270-horsepower  Rolls-Ro; 
motors,  while  later  models  have  been  fitted  with  two  Sunbe 
engines  developing  680  horsepower  (nominal  rating  350  horsepo^ 
each).  The  tank  capacity  is  400  Imperial  gallons,  weighing  cl 
to  2i  tons,  while  the  consumption  at  full  power  is  325  pounds 
hour;  250  pounds  of  oil  are  carried.  Fully  loaded,  the  lift 
square  foot  is  6.75  pounds,  and  with  a  normal  loading  it  is  3 
pounds,  the  horsepower  loading  with  the  Rolls-Royce  engi 
being  5.25  pounds. 

The  normal  crew  carried  is  three  men,  and  three  machine  g 
of  the  twin  type  are  mounted.  In  addition  to  this,  provisior 
made  for  carrying  1  ton  of  bombs.  According  to  the  nature 
the  object  to  be  attacked,  this  total  weight  may  be  divided  ami 
a  large  number  of  small  bombs,  such  as  the  65-,  100-,  or  1 
pound  high  explosive  type,  all  of  which  fit  the  same  bomb-dropp 
gear,  or  it  may  be  used  in  the  form  of  eight  250-pound  bon 
The  total  weight  of  the  armament  carried  is  approximately  2: 
pounds,  so  that  on  a  peaceful  expedition,  the  cruising  range  of 
machine  would  be  increased  by  more  than  five  hours.  On  sh( 
range  bombing  expeditions,  the  weight  of  explosives  carried 
increased  by  limiting  the  fuel  supply. 

Steel  is  employe4  to  a  large  extent  in  the  construction  of 
wings,  struts,  and  other  parts  and  to  avoid  tlie  necessity  for  bu 
ing  hang^s  of  a  size  capable  of  accommodating  the  100-foot  s| 
of  the  \\/ngs,  the  latter  are  jointed  at  the  body  so  that  they  n 
be  fold^(l  back,  thus  reducing  the  span  approximately  one-half  1 
norma^  spread.  All  control  surfaces  are  balanced,  and  as  1 
machine  has  a  high  degree  of  inherent  stability,  only  hand-operal 
controls  are  employed. 
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Floats   and    Hulls    for    Seaplanes'*' 

Naval  Use  of  Hydroaeroplane.  Within  two  or  three  years  of 
the  first  flights  over  land,  the  possibilities  of  flight  over  water 
began  to  make  themselves  apparent  and  the  hydroaeroplane 
entered  the  lists  against  the  standard  machine  A\ith  a  wheeled 
landing  gear.  Its  development  has  been  relatively  slower  owing 
to  the  smaller  nmnber  of  machines  used  for  this  purpose,  though 
most  experienced  pilots  would  rather  try  out  a  new  t>T)e  over 
water  than  over  land,  since  the  surface  of  a  bay  or  landlocked 
harbor  affords  a  safe  landing  place  wherever  the  pilot  finds  him- 
self compelled  to  come  down.  The  demands  of  naval  aviation 
ha\-e  given  a  tremendous  impetus  to  the  development  of  the  hydro- 
aeroplane, hundreds  being  employed  for  submarine  scouting  and 
for  bombing  expeditions  across  the  Channel.  Moreover,  a  naval 
squadron  no  longer  w-aits  for  an  enemy  to  come  w-ithin  the  range 
of  ability  from  its  lookout  tops  but  sends  an  aeroplane  up  and 
ahead,  thus  increasing  the  distance  at  which  the  approach  of  any 
enemy  can  be  detected  to  50  or  even  100  miles,  depending  upon 
weather  conditions.  Wireless  communication  between  an  aero- 
plane and  the  ships  plac*es  the  commander  of  a  squadron  in  such 
a  position  that  surprise  should  be  practically  impossible.  Except 
under  weather  conditions  tliat  permit  escape  in  mist  or  semifog, 
^rise  by  a  superior  forc»e  at  sea  almost  invariably  means  the 
destruction  of  the  weaker  unit.  For  this  reason,  kite  balloons  and 
^J^planes  are  rapidly  being  adopted  as  part  of  the  equipment  of 
^^'cr>'  naval  scjuadron  and  as  the  result  of  experience  in  the  present 
*'w,  doubtless  every  unit  capable  of  carrying  a  machine  will  be 
PJ^vided  with  a  hydroaeroplane  and  the  means  of  launching  it. 

Seaplanes  and  Flying  Boats.  The  devel()j)ment  of  a  machine 
^■i^pable  of  arising  from  and  alighting  upon  the  surface  of  the 
water  has  long  been  two  distinct  lines  right  from  its  inception. 
*^  one  case,  floats  have  simply  been  substituted  for  the  wheels  of 
the  landing  gear,  gi\'ing  rise  to  what  is  termed  the  aeapJane;  in 
^  other  case,  an  entirely  distinctive  form  has  been  developed,  viz, 
^^^  flying  boat.  In  the  flying  boat,  the  fuselagt*  and  floating  body, 
^^  boat,  are  one,  and  acc*ommodation  for  the  pilot,  observ^er,  and 
^^c^ssories  is  provided  in  the  boat  itself  rather  than  \x\  tW  ^\bxwV«ut<\ 

•EMeerptfrommnmrtide  by  Dwight  S.  Simptfon.  PuJiiur-Simiwon  Compauy,  \u  Aerial  \gc. 
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aeroplane  body^  as  in  the  seaplane.  The  seaplane  is  subdivid< 
into  two  classes^  known  as  the  single  and  the  double  floaty  eai 
having  its  advantages  and  disadvantages  for  special  types  of  servi( 
Double  vs.  Single  Seaplane  Floats.  It  is  probable  that  bo 
single-  and  double-float  types  will  continue  to  be  developed, 
each  fills  certain  requirements  that  the  other  cannot  meet  satisfa 
torily.  When  the  conditions  call  for  high  speed  in  the  air  or 
maximum  of  useful  cargo  space,  the  single  float  will  be  used,  as 
means  less  weight  and  air  resistance  for  a  given  capacity.  F 
carrying  torpedoes  and  large  bombs,  the  two-float  system  will 
used,  as  it  provides  considerable  central  space  between  the 
and  the  fuselage  in  which  to  hang  heavy  weights. 


Fig.  143.     VuriouB  Shapes  for  Toil  and  Wing-Tip  Floata 
Courtesy  of  "Aerial  Age",   New   York  City 

Both  types  have  their  advantages  and  disadvantages  in  t 
water.  The  single  float  is  unstable  and  requires  small  floats  at  t 
ends  of  the  wings  to  keep  the  machine  upright.  These  wing  floa 
Fig.  143,  are  not  normally  in  the  water,  but  as  the  machine  he 
they. bring  the  small  planing  surface  to  bear  and  force  it  back 
an  even  keel.  Some  builders  fit  the  ^^-ing  floats  with  a  small  lig 
board  which  acts  as  a  spring  leaf  as  it  touches  the 'water.  T 
single  float  is  verj''  handy  in  smooth  water,  but  unfortunately  tl 
is  a  rare  condition  at  sea  and  the  wing  floats  are  likely  to 
buried  by  a  wave,  with  a  resulting  strain  that  racks  the  win 
themselves  badly.  While  the  two-float  type  is  more  apt  to  ys 
owing  to  one  float  being  temporarily  submerged  by  a  wave,  tl 
strain  can  all  be  taken  jip  by  the  i\ise\ag&  ^XiwcXxstc,  ^iSoMa  \ERNtnii] 
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damage  to  the  wings.  A  greater  margin  of  safety  is  provided  by 
two  floats,  since  it  is  easy  to  make  each  large  enough  to  support 
the  entire  machine  in  case  of  damage  to  the  other  one.  In  prac- 
tice, this  end  is  accomplished  by  giving  each  float  about  75  to  90 
per  cent  reserve  buoyancy  and  then  dividing  it  into  several  water- 
tight compartments.  The  single  float  has  from  110  to  125  per  cent 
resen'e  buoyancy. 

Almast  ever^'  form  of  float  has  been  tried  in  the  effort  to  find 
the  ideal  type,  and  until  recently  the  hand  of  the  naval  architect 
was  conspicuous  only  by  its  absence.  Even  the  knowledge  gained 
in  ten  years  of  hydroplane  racing  was  little  used.  Today,  the 
most  efficient  forms  are  directly  adapted  from  hydroplane  design 
with  such  modifications  as  tank  and  practical  experiments  have 
demonstrated  to  be  nec*essary  to  fit  the  float  to  its  work.  Figs.  144, 
14.5, 146, 147, 148,  and  149  show  the  forms  most  generally  used  today. 

Aerodynamics  as  Factor  in  Float  Design.  When  a  machine 
must  perform  such  radically  opposed  functions  as  flying  in  air  and 
floating  on  as  well  as  rising  from  a  more  or  less  disturbed  surface  of 
^ater,  it  is  only  natural  that  any  effective  design  must  represent 
a  compromise.  Besides  its  work  as  a  hydroplane,  the  float  must 
he  considered  ^^ith  reference  to  its  air  resistanci^  and  the  ease  or 
difficultv  with  which  it  can  be  raised  from  the  surface  of  tlie 
^ater.  These  considerations  influence  the  shai)e  of  all  its  parts 
except  the  bottom.  The  above-water  portion  of  a  boat  is  largely 
feigned  to  keep  out  water,  whether  as  spray  or  waves,  and  also 
to  look  well.  The  question  of  appearance  has  no  influence  in  the 
design  of  a  seaplane  float,  and  since  it  is  a  sealed  compartment, 
4e  need  of  keeping  out  water  does  not  obtain.  The  first  reciuire- 
Dient  of  a  seaplane  float  is  a  minimum  head  resistance,  so  that  the 
^oser  it  approaches  to  a  stream-line  form  the  more  efficient  it  is 
"l^ely  to  be.  The  wind  pressure  on  the  float  must  also  be  applied 
^  the  least  objectionable  direction  to  the  rest  of  the  machine  to 
P^'ent  unduly  disturbing  the  stability  of  the  latter. 

Planing  Speed.    In  designing  the  float,  it  is  desirable  to  have 
^c  planing  speed  when  on  the  water  about  tlie  same  as  the  speed 
*t  which  the  designer  of  the  aeroplane  has  planned  to  have  the 
®4chine  fly.    By  intelligent  adjustment  of  the  weigH,  pov^ex,  w.\\v\ 
Plw%  sui/ace,  the  Soat  or  floats  may   l>e   made  to  p\^ive  ^V 
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approximately  any  deisired  speed.  Unfortunately  for  the  design 
of  the  float,  the  aeronautical  engineer  has  already  limited  the  tot 
weight  and  fixed  upon  the  amount  of  power  that  the  machine  is 
have.  There  is  accordingly  only  one  variable  factor  left,  t 
beam  of  the  float.  It  must  also  be  borne  in  mind  that  it  is  n 
good  practice  to  have  floats  plane  too  soon,  since  the  wings  m 
not  yet  be  sustaining  the  weight  of  the  machine,  especially  v/h 
running  down  the  wind,  and  in  such  a  case  the  machine  ho 
from  one  wave  crest  to  the  next— "porpoising",  it  is  termed-*! 
the  pounding  that  results  is  not  likely  to  benefit  either  the  floe 
or  the  rest  of  the  machine. 

Calculating  Speed.  With  the  aid  of  a  formula  evolved  1 
Linton  Hope,  the  necessary  speed  can  readily  be  estimated  ve 
closely  for  any  set  of  conditions.    This  formula  is  as  follows: 


speed  in  knots  =  *  i  / 


PCU 


w 

in  which  a  knot  is  1.15  miles;  P  is  the  b.h.p.  of  the  motor;  C 
138,950  -J ;  Lis  the  length  of  the  pontoons  in  feet  to  step;  B  is  i 

beam  of  the  pontoons  in  feet;  and  W  is  the  weight  in  pounds 
the  complete  machine  and  the  crew. 

It  is  evident  that  the  speed  of  the  float  can  be  control 
largely  through  variation  of  the  beam.  If  two  floats  were  employ 
the  beam  of  the  floats  should  be  about  25  per  cent  more  than  tl 
given  by  the  formula. 

\Mien  in  the  air,  floats  of  any  form  cease  to  be  oT  any  use  a 
become  mere  imj)e(iimenta.  Special  consideration  must,  therefo 
be  given  to  this  aspect  of  their  design  in  order  to  minimize  1 
drag  they  impose  on  the  machine  in  flight.  Numerous  attem] 
have  been  made  to  develop  a  collapsible  form  of  float  which  woi 
Ixi  as  efficient  as  the  fixed  type  when  on  the  water  but  have 
greatly  reducred  resistance  when  in  the  air.  The  great  difficu 
has  been  that  the  floats  usually  collapsed  at  the  wrong  tir 
Additional  weight  and  the  complicated  mechanism  necessc 
would  naturally  offset  any  advantages  otherwise  obtainable  in  si 
a  type. 

Weight.  Weight  is  the  next  item  of  interest  after  form  a 
js  largely  a  matter  of  construction,  tYvow\^  \3afe  ^vfihwcdaon  flo 
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;  the  most  favorable  lines  with  respect  to  air 
tSDL-e  and  the  lightest  possible  section  from  the  buililcr's  v'lev.- 
.Shk«  the  usual  boxlike  stryctiire  Is  not  in  itself  cither  strong 
If  ripd  but  merely  forms  the  wntcr-ii[;ht  eoveriiif;  of  an  intri(^a^e 
■i^m  of  tnisswork  and  braciiiK.  a  float  employing  su<?h  a  structure 
.  Iicttvy  to  build.  luspeilion  of  a  number  of  floats  of  this  type 
l"ivs  that  the  average  weight  of  a  pontoon  is  O.dSQ  pound  for 
"li  pound  of  its  toUil  submerged  displacement;  in  the  Riehnrd.soti 
')ir,  this  weight  appears  to  be  almut  0.()7M  pound. 

Placing  of   Floats.    The   floats   must  be   so   hung   that   their 
■uiiiiil  air  resistance  is  not  converted  into  an  undue  drag  ou  the 


ttine  as  a  whole  and  doea  not  bring  it  doicn  b//  the  head,  thus 

puring  too  great  an  inclination  of  the  horizontal  tail  planes  to 

P  it  Hying  on  an  even  keel.     This  consideration  ami  also  tliat  of 

*'»n(irig.  however,  are  matters  to  he  determined  by  the  designer 

"'  'he  aeroplane. 

DlfftcuKy  of  Leaving  Water.  The  most  critical  test  of  the 
i*'nn  r,f  a  float  occurs  at  the  moment  of  leaving  the  water,  since 
'"<^  nmditious  then  existing  are  the  most  difficult  it  has  to  meet. 
-Many  an  inexperienced  designer  in  testing  his  sea[}luiie  has  brought 
'^^  3pe«I  up  lo  the  point  where  his  figures  indicate  that  the  next 
"iTeincnt  will  lift  it  fnim  the  water  only  to  feel  that  tUete  \* 
thing  wrong  uni]  .■beetle  ttack  far  another  attempt..  VexVav^ 
i  at  tri&b  »re  necessihry  before  the  machi!\e  ivsea,  auA  tvoX, 
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infrequently  it  happens  that  it  will  not  leave  the  water  at  f 
In  such  a  case  the  aeroplane  itself  may  be  well  designed  but  t 
floats  may  be  merely  boxes.      ^ 

Advantages  of  Sharp  Comers.  It  has  been  found  that  wa 
has  a  peculiar  affinity  for  curved  surfaces  but  will  not  follow  1 
contour  of  a  sharp  comer.  It  would  accordingly  seem  advisa 
to  join  by  sharp  comers  all  surfaces  that  are  under  water  when  1 
plane  is  moving  and  to  nmke  all  such  surfaces  flat^  Fig.  145, 
possibly  concave,  since  the  corners  are  then  sharper.  The  wa 
will  then  break  from  the  comers  and  by  allowing  the  air  to  esca 
to  the  surface  will  release  the  float.    It  would  never  be  considei 


FiK.   145.     Sinipleat  T>7x;  of  St<»plo«K 
roil  toon 

Courtesy  of  "Aerial   Age",  New    York  City 


Fip.  140.     Improved  Type  with  V'-Bott« 
and  Crowned  Dock 

Courttifj  of  "Atrial  Age**,  Xeto   York  C 


good,  practice  to  make  the  corner  of  the  step  round,  and  it  see 
obvious  that  all  other  corners  under  water  should  be  as  sharp. 

V  Bottom.  Hydroplane  designers  long  since  came  to  the  so-cal 
V  bottom.  Fig.  14(),  to  obviate,  as  much  as  possible,  the  hard  pou 
ing  of  the  waves.  For  the  same  reason,  it  has  been  adopted  on 
later  seaplane  floats.  It  materially  relieves  the  jar  of  landing,  « 
the  machine  is  not  so  liable  to  '^porpoise"  in  getting  away.  1 
float  seems  to  clear  much  easier  when  the  bottom  of  the  tail 
also  of  V  form  than  when,  as  is  usually  the  case,  it  is  flat. 

step.    The  step,  Fig.  147,  is  a  feature  that  is  puzzling  at  fii 

and  the  reason  for  its  existence  only  becomes  evident  on  a  stu 

of  hydroplane  design.    A  hydroplane  is  so  termed  because  it  ri< 

on  the  surface  of  the  water  instead  of  cutting  through  it  as  a  c 

placement  tx'jxj  of  boat  does.    This  ability  to  skim  over  the  s 

face  instead  of  cutting  throug;Vi  the  v^at^T  K'is  OSiu^  \ft  >i5Rfc  Wl  tl 
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the  pressure  of  the  water  is  converted  into  an  upward  force,  or 
vertical  pressure,  on  the  bottom  of  the  boat.  In  order  to  do  this, 
the  bottom  must  be  set  at  a  small  angle  to  the  horizontal  line  of 
advance,  usually  from  3  to  5  degrees.  But  if  this  were  continued 
aft  to  the  end  of  the  boat,  it  would  bring  the  latter  very  deep  in 
the  water  and  the  boat  would  not  give  satisfactory  service.  If,  on 
the  other  hand,  it  were  rounded  off,  it  would  tend  to  cause  squat" 
UnSf  which  would  also  depress  the  stem  end  of  the  boat  in  the 
water.  Therefore,  the  bottom  is  cut  off  sharp  to  form  what  is 
known  as  the  step.  The  hydroplane  travels  over  the  surface  so 
ttpidly  that  the  water  breaks  right  away  from  this  step  instead  of 


Fig.   147.     Simple  Pontoon  with  .Vdciition  of  Stip  and  Tnil 
Courtctty  of  "Aerial   Age",  Sttr    York  Citij 

*tting  up  an  eddy  which  would  retard  the  speed.  To  assist  this 
operation  and  prevent  the  formation  of  a  partial  vacuum  directly 
behind  the  step,  air  is  led  in  from  the  side  through  tul)es,  or  breathers, 
^hich  extend  from  just  behind  the  step  right  through  the  boat. 

Details  of  Step.  The  analogj^  between  tlie  floats  of  a  seaplane 
and  a  hydroplane  cannot  be  carried  too  far,  since  the  latter  is  not 
required  to  leave  the  water.  Hence,  a  hydroplane  may  be  built 
with  one,  two,  or  more  steps,  or  without  any.  But  as  the  seaplane 
must  leave  the  water  and,  to  do  so,  must  rock  slightly  about  its 
center  of  gravity,  more  than  one  step  is  not  entirely  practical,  and 
in  fact,  if  the  float  is  not  more  than  10  or  12  feet  long,  \t  \s  V>eUAi^ 
without  aiip:     The  step  need  not  be  more  than  3  inches  deep  ^x\^ 
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should  be  located  not  more  than  3  feet  behind  the  center  of  gravit; 
of  the  entire  machine  to  permit  rocking. 

Stepless  Float.  If  no  step  is  emjrfoyed,  the  stem  of  the  stej 
less  float  should  come  at  the  point  where  the  step  would  hai 
been.  It  is,  therefore,  necessary  to  put  a  small  plane  under  tl 
tail  to  hold  it  out  of  the  water  when  the  machine  is  at  rest  11 
simplest  tj'pe  of  stepless  pontoon  is  shown  in  Fig.  145.  Most  • 
its  shaping  is  in  the  profile,  since  the  top  and  bottom  are  flat  su 
faces  brought  together  at  the  ends  to  provide  proper  stream-line 
It  can  be  constructed  cheaply  owing  to  its  flat  sections,  and  for  tl 
same  reason  is  fit  only  for  use  in  experiments  with  the  plan 
Fig.  146  shows  the  same  type  improved  for  permanent  work  h 


Fig.  148.     Pontoon  with  Sides  Slanting  Forward  to  Keep  Down  Spray 
Courtesy  of  "Arrial  Aye",   New   York  CUy 

the  use  of  a  V  bottom  and  a  crowned  deck  to  let  the  water  fl* 
off  easily.  Both  of  these  floats  are  for  use  in  connection  with  t 
floats  as  they  are  short  and,  when  hung  to  the  plane  so  as  to  flc 
in  the  position  shown,  have  almost  no  righting  lever  aft  of  t 
center  of  gravity.  The  tail  float  Ufts  nearly  as  soon  as  the  machi 
starts  but,  as  it  provides  c*onsiderable  head  resistance,  is  not  p 
ticularly  desirable.  Therefore,  to  prevent  the  machine  from  ti 
ping  forward  when  alighting,  the  main  float  must  be  extended 
sufficient  distance  forw-ard  of  the  center  of  gravity  of  the  machii 
while  to  avoid  the  necessity  of  employing  a  tail  float,  it  is  al 
extended  farther  aft,  resulting  in  what  is  generally  known  as  a  oi 
step  float     Technically,  however,  t\v\s  \^  ?^S\  «^  ^Kv^^sa  V^\^^ 
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whh  one  planing  surface,  since  the  bottom  of  the  tail,  or  that  part 
of  the  float  behind  the  center  of  gravity,  is  slanted  upward  toward 
the  stem  in  order  to  dear  it  from  the  water  as  soon  as  possible 
lod  to  allow  the  madiine  to  rock  about  the  step  in  getting  away, 
Fig.  147.  At  no  time  does  this  part  of  the  float  assist  in  planing, 
mi  its  sole  use  is  to  keep  the  machine  from  falling  over  backwaM 
lAen  it  is  at  rest  on  the  water.  As  another  step  spreads  the 
witerbome  area  from  2  to  3  feet  and  makes  the  rocking  of  t!.L» 
niadiine  difficult,  it  may  safely  be  said  that  practically  all  sea- 


; 


J 


Fix-   149.     British  Flat-Bottom  Pontoon,  Designed  to  Reduce  Spray 
Courieay  of  "Aerial  Age",  New   York  City 

P«ine  floats  and  flying  boats  are  stepless  hydroplanes.     Of  course, 
^"^ft  are  always  enough  exceptions  to  prove  the  rule. 

lipper  Surfaces.  Just  as  it  is  necessary  to  have  sharp  corners 
^  flat  surfaces  below  water,  so  it  is  essential  to  have  round 
^niers  and  rounded  surfaces  above.  They  are  lighter  and  stronger 
^cturally  besides  allowing  all  the  water  which  comes  over  the  top, 
^d  there  is  plenty  of  it,  to  roll  off  quickly.  So  far  as  the  bow 
^  stem  are  concerned,  it  is  only  necessary  to  shape  them  so  that 
^he  bow  will  enter  and  the  stern  leave  the  water  without  cans- 

• 

^H  eddies,  which  cause  resistance.    In  other  words,  tV\e\  mw^t  \yi 
given  a  stream-Jiiw  form. 
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Fig.  148  shows  an  attempt  to  keep  down  spray  by  fimmf^  or 
slanting  the  sides  forward.  While  this  feature  of  design  is  quite 
widely  used,  it  is  doubtful  if  the  slight  advantage  gained  b  worth 
the  considerable  increase  in  cost.  Fig.  149  shows  the  Britiflii 
method  of  accomplishing  the  same  purpose,  and  in  this  connectioD 
it  is  noticeable  that  a  flat  instead  of  a  V  bottom  is  emj^yed. 
Fig.  144  illustrates  a  radically  different  type  of  float  developed  by 
lieutenant  Holden  R.  Richardson,  U.S.N.  It  represents  the  best 
American  practice  today.  In  this  design,  both  light  weight  anc 
lessened  skin  friction  have  been  achieved  for  a  given  displacemeni 
by  combining  the  sides  and  the  top  in  one  semicylindrical  surface 


Fig.  150.     Typical  Flying  Boat  Hull  ^dth  Flat  Flaring  Sid» 
Courtesy  of  "Aerial  Age",  New   York  City 

This  float,  as  well  as  all  the  other  floats  illustrated,  may  be  use< 
singly  or  in  pairs.  Fig.  150  shows  a  typical  flying  boat  hull  to 
comparison. 

Fittings.  The  fittings  require  some  consideration  since  it  ^ 
possible  to  add  undesirable  weight  by  poorly  designed  hardwaT 
Each  water-tight  compartment  needs  a  light  bronze  drain  plug  ^ 
the  bottom,  smooth  on  the  outside  and  opening  from  the  insiu 
To  make  the  plug  accessible,  a  bronze  handhole  plate  is  let  iu 
the  deck  directly  over  it.  The  handhole  plate  should  be  about 
inches  in  diameter  and  should  be  made  of  aluminum.  AluminU 
is  quickly  corroded  by  sea  water,  but  the  process  is  greats 
retarded  if  the  parts  are  boiled  in  linseed  oil  and  they  will  th^ 
Is^t  as  long  as  the  remainder  ol  t)cv^  xwaidcinfc.    A  towing  riX 
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should  be  fastened  to  the  bow  and  all  edges  which  are  apt  to  rub 
should  be  bound  with  light  sheet  brass.  The  strut  fittings,  by 
which  the  float  is  attached  to  the  fuselage  of  the  machine  are,  of 
course,  most  important.  They  should  be  made  of  high-grade 
bronze  or  steel.  The  outside  lug  that  takes  the  strut  end  should 
have  a  sohd  fastening  to  the  inside  of  the  float  and  should  be  ear- 
ned down  in  such  a  fashion  that  the  bottom  is  supported,  both  in 
compression  (carrying  the  weight  when  the  machine  is  on  the 
WEter)  and  in  tension  (being  carried  by  the  machine  when  it  is  in 
the  air).  This  can  best  be  accomplished  by  means  of  solid  bulk- 
heads, which  can  also  be  made  water-tight.  One  or  two  makers 
have  been  experimenting  with  shock  absorber  connections,  but 
with  the  use  of  the  V  bottom  this  would  appear  to  be  a  refine- 
ment for  sportsmen's  use  only. 

Wing  Floats.  In  Yig.  143  are  shown  various  types  of  wing 
and  tail  floats.  The  vnng  floats  are  carried  one  under  the  end  of 
each  wing  tip  on  flying  boats  or  seaplanes  and  are  designed  to 
throw  the  machine  back  to  an  even  keel  when  it  cants  to  either 
side.  In  designing  them,  due  cognizance  must  be  taken  of  the 
righting  moment  required  so  as  to  make  them  effective  without 
heing  any  larger  than  actually  necessary. 
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Inlroduction.     Volumes  have  been  written  on  the  tlit-nry  nnd 

lipi  of  the  screw  pn»peller  as  appUeii  to  marine  prat-tice,  yt-t 

many  yean  of  aetual   use  there   are  still  many  thiii)£s 

lin  to  be  definitely  settled.     A  olmnue  in  the  eondition  of 

Taliniis  renders  prcvinus  (hita  of  httle  value,  as  in  the  case  of 

tidiijjtltm  of  the  hiRli-npeed  tiirliine  for  marine  propulsion,  the 

mrfluina    having    been    equipped    with    nu    fewer    than    three 

rrnt  sets  of  screws  sitice  she  was  first  put  in  service.     It  is. 

[inliiiglj.  not  to  \>e  greatly  wondered  at  that  there  should  be  a 

iHirt  rif  opinion  where  the  aerial  proi>eller  is  amcerned.     Obvi- 

ihc  propeller   is  no  less  important  an  essential  than  the 

themselves,  f<»p  support  in  an  aeroplane  is  entirely  depend- 

uiwii  speed.     To  obtain  speed,  thrust  is  necessary,  and  it  is 

function  of  the  pro[«;llpr  to  produce  it.     How  this  nia,\'   be 

most    efficiently    is    the   obj<^   of    an    endless   amount   of 

■h  that  is  being  carried  on  at  the  present  time.    The  pur- 

'f  the  present  subject  is  to  reflect  current  practice — to  give. 

as  possible,  the  data  upon  which  the  designs  of  the  most 

'""vsafiil  propellers  are  ba^efl,  to  show  how  the  propellers  theni- 

''vtrsare  made,  and  why  they  are  so  made,  as  drawn  from  actual 

'W>erieuec  rather  than  from  piu«ly  theoretical  ideas. 

In  view  of  the  imperfe<'t  engineering  knowledge  extant  on 
"■  siihjwi  at  this  late  day,  it  apjiears  rather  marvelous  that  the 
''•litist-philosopher  Leonardo  da  \'inci  should  have  proposed  the 
'"  of  the  pro|)e!lep  in  one  of  the  aerial  navigation  schemes  which 
"He  up  in  his  da.v— more  than  four  hundred  years  ago.  Of 
""X-,  llic  propeller  as  it  exists  today  was  not  known  then, 
"t  the  scTfw  principle  on  which  it  is  based  is  centuries  old. 
"  fact.  General  Meiwnier's  conception  of  the  turning  oars  in 
'  ^  plan  for  a  dirigible  balloon  antedates  the  actual  use  of 
'■"  prwppller  for  marine  seri-ice  by  many  years  and  was  likewise 
'^ikjn[rIy  api>roxinmte  anticipation  of  the  aerial  pr(ipe\iei  ol  xXvc 
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'AERIAL  PROPELLER 
THEORY  OF  PROPELLER  ACTION 

Pitch.     Before    taking    up    the    design    or    construction, 
essential   features   of   a   propeller   should    be   considered   in  ord 
that  the  teehniiul   terms   referring  to  them   may   be   intelligibl 
As  its  name  indicates,  the  screw  propeller  is  based  ii|X)ii  the  pril 
ciple  of  the  screw  thread.     Pitch  in  u  propeller  is  exactly  the  s 
thing  as  the  pitch  of  a  screw  thread,  in  other  words,  the  distant 
traversed  by  the  thread  along  the  screw  in  one  complete  revolutii 
When  a  nut  is  turned  on  or  off  a  bolt,  it  moves  a  certain  dists 
along  the  bolt  for  each  turn,  and  this  distance  is  its  pitch.     It  o 
not  move  more  or  less  because  its  movement  is  confined  to  t 
thread.     But  with   reference   to  a  | 
't^  ^^  peller,  Fig.  1,  this  distance  is  a  pui 

^o  '^',  _     theoretical  measurement,  as  the  substa 

upon  which  it  acts  is  yielding,  whet 
air  or  water.  However,  as  the  li 
relating  td  fluids  are,  for  the  most  pul 
applicable  to  all  fluids,  whetheT  liquid  fl 
gaseous,  advantage  has  been  taken  oft 
accumulated  knowledge  of  marine  c 
neeririg  to  iliscover  the  best  means  I 
\  /      designing  propellers   for  the   aero[J 

V_,-'  Aside  from  the  diameter  the  elenJI 

Y\%.  I.  DiiMBiosboiimg  Pitch  on  which  the  friction  losses  depend  aim 
entirely  is  the  pitch.  Aeroplane  pn^ 
lers  fastened  directly  to  the  crankshaft  of  the  motor  must 
necessity  have  a  smaller  pitch,  while  those  driven  by  inlOT 
diate  gearing  or  chauis  and  sprockets  may  be  given  a  Ul 
pitch  when  desired.  The  motor  must  run  at  a  high  speed 
order  to  develop  its  [mwer  without  excessive  weight,  and  il 
propeller  of  large  pitch  were  secured  directly  to  the  shaft, 
would  offer  so  much  resistance  that  the  motor  could  not  r« 
its  normal  speed.  The  usual  speed  of  aeronautic  motors  is  arou 
1400  r.p.m.  If  the  aeroplane  makes  a  speed  of  80  miles  an  ho 
the  pitch  of  die  direct-connected  propeller  will  be  from  h\ 
7  feet. 

Tlie  friction  and  head  resistance  of  the  propeller  blades  p> 
i'lg  through   (lie  air  x-ary   approwma\«\v  a%  vW  ?,(v.iare  of  1 
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.  If  the  two  propellers  each  had  a  diameter  of  8  feet,  the 
elocity  of  the  blades  of  the  small-pitch  propeller  through 
tpould  be  about  2.8  times  as  great  as  that  of  the  large-pitch 
r,  and  the  loss  of  power  resulting  from  friction  and  head 
ce  would  be  about  eight  times  as  great.  For  this  reason, 
lirable  to  make  the  pitch  large  and  keep-down  the  revolu- 
compared  with  speed.  On  the  other  hand,  if  the  pitch  be 
>o  lai^,  the  air  is  pushed  around  sidewLse  instead  of  being 
to  the  rear,  and,  as  such  motion  of  the  air  does  not  pro- 
rust,  excessive  power  is  lost  in  that  manner.  There  is  also  a 
1  disadvantage  in  making  the  pitch  too  large,  and  this  is 
!  starting  thrust,  before  the  aeroplane  has  got  up  to  speed, 
derably  less  than  with  finer-pitch  propellers. 
I.  It  is  a  fact  that  a  propeller  in  water  does  not  practi- 
Ivance  the  distance  or  propel  the  vessel  to  which  it  is 
1  the  distance  represented 


pitch.  The  difference 
this  and  the  actual 
btained  is  designated  by 
Q  slip,  Fig.  2,  As  slip 
its  lost  energy  and  a  pro- 
ith  a  high  ptTcentage  of 
lid  be  verj'  inefficient,  it 
ppear  to  be  desirable  to 
this  factor  to  the  miTii- 
However,  this  is  not  tlie 
f  there  were  no  slip,  there 
8  no  reaction  on  the  vol- 
air  or  water  being  driven 

■il  by  the  propeller,"  and  cfiiisw|uentiy  tlicrc  would  be  no 
so  that,  if  the  slip  be  reduced  tdo  fur,  the  propeller  i,s 
nefficient.  At  any  rate,  such  is  tlie  coiiHuHion  <lnnvii 
arine  practice,  where  it  is  cnstiiiniiry  to  regard  a  slip  of 
20  per  cent,  that  is.  im  cfficieiiey  of  SO  to  !l()  pt-r  cent. 
g  representative  of  the  most  ceuiioinical  results  obtain- 
n  the  case  of  the  aerial  proiK'Hcr,  sjip  up  to  25  per  cent 
dered  good,  40  per  cent  bail,  and  about  15  per  cent.  \\\ft 


4  AERIAL  PROPELLER 

Thrust.  Thrust  is  work  done  by  the  propeller  in  moving  an 
aeroplane  and  is  equal  to  the  weight  of  the  mass  of  air  acted  on 
per  second  times  the  slip  velocity  in  feet  per  second.  This  is 
dynamic  thrust  The  effort  of  the  same  propeller  on  the  column  d 
air  in  which  it  acts  when  standing  still  is  termed  static  thrvd. 
An  illustration  of  the  difference  between  the  two  may  be  drawn 
from  the  starting  of  an  aeroplane  from  the  ground.  While  heU 
prior  to  running  over  the  ground,  the  screw  is  exerting  stati( 
thrust.  The  moment  the  machine  is  released,  it  begins  to  exef 
dynamic  thrust  in  that  it  is  then  forcing  the  aeroplane  ahead 
It  is  generally  conceded  that  the  amount  of  static  thrust  a  certai) 
propeller  may  exert  affords  no  definite  measurement  of  what  it  i 
capable  of  doing  when  driving  the  machine  through  the  air,  o 
rather  that  its  static  thrust  will  be  much  greater  than  its  dynamic 
although  Sir  Hiram  Maxim  states  that,  as  the  result  of  his  experi 
ments,  both  were  found  to  be  the  same.  The  thrust  of  the  pro 
peileT  in  question  was  said  not  to  vary  whether  it  was  travelinj 
through  the  air  at  a  velocity  of  40  miles  an  hour  or  standing 
stationary,  the  r.p.m.  rate  of  the  motor  remaining  constant.  Th« 
explanation  is  that,  when  traveling,  the  propeller  is  constantl: 
advancing  to  undisturbed  air  and  that,  while  the  slip  velocity  i 
reduced,  acting  upon  the  undisturbed  air  is  equivalent  to  actini 
upon  a  greater  mass. 

The  factors  affecting  the  thrust  given  by  a  propeller  are 
First,  the  diameter,  blade  area,  and  pitch,  or  blade  angle,  whici 
may  be  termed  propeller  characteristics;  second,  the  speed  o 
revolution,  which  is  proportionate  to  the  engine  driving  power 
and  third,  the  rate  at  which  the  characteristics  of  the  vessel  wil 
allow  the  propeller  to  move  through  the  fluid.  The  propeller  whicI 
is  the  most  efficient  is  naturally  the  one  which  will  produce  th< 
greatest  amount  of  thrust  in  proportion  to  the  power  transmittei 
to  it  by  the  engine,  both  when  revolving  in  a  fixed  position  on  th 
ground  and  when  traveling  through  the  air.  Each  of  the  factor 
mentioned  must  be  provided  for  in  the  design.  A  propeller  whid 
is  too  large  or  of  too  great  a  pitch  for  a  given  motor  will  eflec 
tually  prevent  the  motor  from  developing  its  normal  power  b; 
retarding  the  r.p.m.  rate.  Propeller  blades  that  are  not  give' 
siifEcient  area,  or  pitch  will  permit  tVve  ^xvgvw^  \,o  x^^,  IVmqu^  no 
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imposing  sufficient  load  on  it,  and,  if  the  speed  becomes  greatly 
excessive,  the  blades  are  likely  to  burst  or  fly  apart  through 
centrifugal  force. 

Pitch  Ratio.  Another  characteristic  having  an  important 
bearing  on  the  result  is  the  pitch  coefficient,  or  pitch  ratio,  as  it  is 
frequently  termed.  There  is  a  certain  analogy  between  the  pro- 
peDer  and  the  main  planes  in  that  both  are  intended  to  drive 
through  the  air  easily  and  at  the  same  time  exert  a  sufficient  hold 
on  the  air  either  for  the  purpose  of  support,  as  in  the  latter 
instance,  or  for  driving,  as  in  the  former.  Pitch  ratio  is,  conse- 
quently, analogous  to  aspect  ratio.  It  is  the  ratio  that  the  pitch 
bears  to  the  diameter,  or  length,  of  the  propeller. 

Diameter.  The  diameter  is  affected  bv  structural  considera- 
tions,  the  placing  of  the  motor,  and  other  conditions  which  restrict 
the  size  of  propeller  that  can  be  employed  on  ^  certain  machine. 
Different  experimenters  have  widely  differing  standards  in  this 
respect,  as  witness  the  use  of  4-foot  extremely  high-speed  propellers 
on  some  early  machines  and  8-foot  slow-speed  propellers  on  others. 
The  disadvantage  of  using  a  very  small  propeller  is  now  generally 
recognized,  however,  and  few,  if  any,  of  less  than  O-foot  diameter 
are  employed.  Speaking  in  general  of  properly  designed  concave 
propellers,  a  propeller  of  large  size  and  slow  speed  is  always  mon* 
efficient,  all  other  things  being  equal.  Reduce  the  diameter  and 
uicrease  the  speed  and  the  efficiency  drops  off  very  rapidly — from 
as  high  as  50  pounds  thrust  per  horsepower  to  as  low  as  G 
pounds  per  horsepower,  these  figures  being  the  result  of  experi- 
Dients  carried  out  especially  to  establish  the  effect  of  altering  the 
relation  of  these  two  essentials^' of  design.  The  falling  off  in  the 
^ciency  at  high  speeds  is  remarkable  so  that  this  in  turn  limits 
^  speed  of  the  motor  or  makes  resort  to  gearing  necessary. 

Peripheral  Speed.  The  limiting  factor  in  the  propeller  is  its 
peripheral  rather  than  its  rotational  speed,  since  it  is  upon  this 
^t  the  centrifugal  stresses,  which  are  by  far  the  most  severe  of 
all  involved,  depend.  The  propellers  of  practically  all  aeroplanes 
huilt  so  far  run  at  peripheral  speeds  ranging  from  12,0()0  to  40,0()() 
^^  per  minute,  with  occasional  instances  of  speeds  as  high  as 
'AOOO  feet  per  minute^  the  rotational  speeds  being  so  adjusted  to 
Ac  dianietew  of  the  propellers  ns  to  produce  little  variation  owt- 


net 
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side  the  range  given.     At  the  higher  uf  the  speeds  mentioned,  i 
570  miles  per  hour,  the  centrifugal  force  is  so  great  as  to  test 
its  utmost  the  quality  of  the  finest  structural  material  obtai[iat: 

That  it  is  better  to  gain  permissible  peripheral  speeds  by  t 
use  of  large  diameter  propellers  at  low  rotational  speeds,  rati 
than  with  small  propellers  at  high  rotational  speeds,  becomes  v 
evident  with  a  little  study.  Take,  for  example,  the  case  of  a  p 
tion  of  a  propeller  surface,  1  foot  long  and  1  foot  wide,  traveli 
edgewise  round  a  30-foot  circumference  600  times  a  minute, 
being  assumed  that  a  peripheral  speed  of  I,S.(K)0  feet  per  niinut* 
the  maximum  permissible  in  the  cii.se  in  question.  Under  1 
conditions  stated,  the  surface  passes  any  given  point  10  times  J 
second — often  enough  to  produce  a  material  rlisturbance  of  thei 
worked  against.  Now  assimie  the  circumference  reduced  to 
feet  by  a  corresponding  hah'ing  of  the  propeller  diameter  I 
immediately  it  becomes  apparent  that  a  doubling  of  the  routia 
speed  is  allowed  without  increasing  the  peripheral  speed. 

But,  under  the  new  conditions,  the  ^ssumeti  propeller  a 
passes  any  given  point  20  times  per  second,  twice  as  often 
before  with  a  correspondingly  reduced  assurance  of  finding  t 
turbed  air  to  work  against.  Moreover,  since  the  blode  ! 
travels  the  some  distance  in  the  same  time  in  both  cases,  tliirt 
no  opportunity  to  reduce  its  area  on  account  of  the  higher  r 
tional  speed  in  the  smaller  proi)eIler,  The  result  is  that  the  bl« 
which  is  of  a  width  only  ^  the  length  of  its  path  in  the  II 
propeller,  is  in  the  smaller  one  iV  its  length — a  condition  t 
operates  directly  against  maximum  effec^tiveness.  Of  course^ 
may  be  urged  that  when  a  propeller  is  traveling  through  the 
under  its  normal  cimiHtiim  of  operation,  instead  of  revolving  II 
circle,  as  when  kept  from  advancing,  the  blades  travel  sepi 
helical  paths,  wholly  di.-itinct  from  one  another.  But  these  p 
are,  nevertheless,  closely  adjacent  and  become  more  so  with  e 
increase  in  the  number  of  blades  and  every  decrease  in  the  pit 
From  these  considerations,  it  will  be  evident  tliut  large  t 
and  a  minimnm  number  of  blades  reduce  the  frequency  of  tM 
disturbance  and  tend  to  eliminate  interfenmce. 

Effective  Area.     The  air  acted  on  by  the  propeller  is 
to  that  which  flows  through  t\\e  triicVe  A«awvbed  by  the  t 
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the  bUdes,  frequently  referred  to  as  the  disc.  Fig.  3.    The  amount 

Kted  upon,  therefore,  increases  with  the  diameter,  and  as  the 

thrust  depends  directly  upon  the  volume  of  air  and  the  velocity 

«  which  it  is  displaced  to  the  rear,  it  follows  that  the  greater 

the  diameter  the  less  the  rearward  velocity  need  be  to  obtain  a 

pven  thrust.    Thus    approximately    the    same    thrust    will    be 

obtained  from  an  S-foot  propeller  which  imparts  a  5-mile  velocity 

to  the  air  as  from  a  4-foot  propeller 

tlut  imparts  a  20-mile  velocitj      It  is 

sdf-ev-ident  that  only  a  part  of  the  total 

power  developed  by  the  motor  is  actuallj 

ntiliied  in  forcing  the  machine  ahead 

tlmugh  the  air — the  remainder  does  no 

useful  work  and  is  lost.    A  considerable 

pOTtion  of  thb  lost  energy  is  contamed 

B  the  air  which  has-  been  pushed  to  the 

fear  bv  the  propeller.    The  amount  of     Fm  a    d  &vam  showmn  EiTe<- 

sutn  lost  power  increases  as  the  square 

(rf  the  velocity  at  which  it  is  pushed  astern.     In  the  4-fr»ot  and 

Wool  propellers  compared  above,  it  is  found  that  when  developing 

tlie  same  thrust  at  a  speed  of  40  miles  per  h<nir,  the  amount  of 

W  power  in  the  case  of  the  smaller  one  is  about  three  times  a.-, 

mxt  as  in  that  of  the  larger  one.     This  is  the  und<Tl\ing  reason 

»hy  small  propellers  are  inefficient  when  used  to  develop  relatively 

tiifh  thrusts. 

Power  of  Propellers.  To  obtain  thrust  from  a  propelltr  it 
niHst  waste  some  power,  for  reasons  that  ha\-e  already  \u-vt\  lUfti- 
^•oned — it  is  essential  to  thrust  some  air  at  least  to  the  rear.  The 
fflisllest  quantity  that  it  is  necessary  to  wa.ste  can  be  fifriired  out. 
uid  this  added  to  the  useful  power  gives  the  minimum  ainuunt  of 
power  which  would  be  required  with  a  perfect  and  frictionless 
propeller.  The  curves  in  Fig.  4  show  this  least  p{>wor  for  an  S-foot 
propeller  at  different  thrusts  and  at  speeds  from  'iU  to  (30  miles 
•o  hour.  As  a  matter  of  fact,  no  propeller  can  be  expected  to 
•^ftch  the  theoretical  limit.  Many  of  the  best  air  propellers 
Require  about  25  per  cent  more  power  tlian  that  shown  by  the 
'itfves  in  Fig.  4,  and,  in  fact,  the  curves  in  Fig.  5,  wh\c\\  s\\«v;  \)[\e 
power  .which  wiS  be  needed  for  a  good   t>pe  of  propeWtr,  \\B.ve 
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been  prepared  by  adding  25  per  cent  to  the  theoretical  power 
required  in  each  case.  For  example,  From  the  curves  in  Fig.  i, 
at  a  speed  of  40  miles,  a  thrust  of  100  pounds  should  be  obtained 
with  14.7  brake  horsepower.  The  Wright  Brothers  obtained  thii 
thruKt  with  about  15  horsepower  in  their  early  type  twin-propeOff 
machine,  which  agrees  practically  with  the  above. 

In  Fig.  4,  the  dotted  line  shows  the  miDtmum  power  theoret- 
ically necessary  for  a  4-foot  propeller  at  a  speed  of  60  miles  and 


Tfffri/ST  /NFOl/ftBS 
FiR.  4..    Minimum  Po>M>r  Itenuirpil  for  3-Poot'  Pcopellpr  al  Variauii  ThriuU  sod  Sptrd- 

at  different  thrusts.  At  a  thrust  of  200  pounds,  41  horsepo^'^ 
is  necessary,  while  for  an  8-fi>ot  propeller  only  35  horsepower  *-' 
required;  that  is,  at  this  speed  and  thrust,  the  smaller  propetl^ 
requires  20  per  cent  more  power  than  the  larger  one. 

Thus  it  appears  that  the  larger  the  diameter  the  better,  and 

this  would  be  true  but  for  frictional  and  head  resistance  of  the  »ir 

to  the  propeller  blades.     This  increases  as  the  diameter  is  increased 

and   the  power  lost  from  this  cause  soon   becomes  as  great  or 

greater  than  that  carried  away  by  tW  aw  m  We  vTO^^flKx  iw*  « 
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Later  there  was  for  a  time  a  marked  teiideiicv  to  err  on  the  side 
of  plurality  of  blades,  and  this  tendency  was  still  in  evidence 
when  propellers  first  came  to  be  used  for  aerial  propulsion. 

Thus  the  Ericsson  marine  propeller  was  formed  of  a  short  sec- 
tion of  a  twelve-thread  screw  of  very  coarse  pitch  and  naturally 
proved  ver>'  inefficient.  The  aerial  fan  propeller  of  Moy  had  six 
broad  vanes  enclosed  within  a  hoop  and  was  not  a  screw  at  all. 
It  was  little  better.  The  same  remarks  apply  to  the  propellers  of 
Henson,  Stringfellow,  Linfield,  du  Temple,  and  many  others. 
Even  the  first  propeller  fans  used  by  Professor  Langley  were  six- 
Haded,  though  in  his  subsequent  and  highly  successful  aerodrome, 
the  twin  propellers  were  two-blade  true  screws,  as  were  also  those 
of  the  Maxim  machine.  The  latter  afforded  striking  evidenc^e  of 
the  efficiency  of  large  diameter  slow-s])eed  propellers. 

Number  of  Blades.  The  mass  of  air  dealt  with  by  the  pro- 
peller is  represented  by  a  cylinder  of  indefinite  length,  the  diameter 
of  which  is  the  same  as  that  of  the  screw,  and  the  rate  at  w^hich 
this  cylinder  is  projected  to  the  rear  depends  theoretically  upon 
the  pitch  and  the  number  of  turns  jht  minute  of  the  propeller  and 
not  upon  the  number  of  blades,  one  or  an  incomplete  helix  being 
sufficient,  except  for  mechanical  reasons.  The  minimum  numlxT 
which  can  be  employed  practically  is,  therefore,  two.  The  function 
of  the  propeller  is  to  create  thrust,  and  to  do  this,  it  must  force 
the  air  to  the  rear  with  the  least  possible  internal  disturbance, 
t*^t  Ls,  it  should  be  thrust  backward  as  a  clean-cut  (cylinder  and 
not  as  a  whirling  tumbling  mass,  which  would  tend  to  set  up  a 
^Sging  wake  and  interfere  with  the  efficiency  of  the  ])ropclltT  and 
^  speed  of  the  machine. 

Early  aeroplanes  were  so  small  compared  with  ])rcs(Mit-(lay 
^dards  that  the  mechanical  limitations  of  tiic  two-blade  pro- 
ffer were  not  reached.  Three-  and  four-blade  ])ropelUTs  were 
"^^,  but  they  were  necessarily  so  small  as  to  be  very  inefficient, 
^^ce  that  time,  engine  powers  have  increased  several  hundred 
P^  cent  and  the  two-blade  propeller  has  n^ached  a  diameter 
close  to  10  feet  with  a  pitch  that  has  been  increased  in  proportion 
^  the  added  driving  power.  A  further  increase  in  diameter  is 
not  practical,  as  the  size  of  the  propeller  is  limited  \)y  tW.  o\ct-v^ 
A%A/  of  tie  macbine.    For  still  greater  powers  two   av\A  l\vTi!\i 
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engines  are  used,  each  driving  a  two-blade  propeller.  Three-  at 
four-blade  propellers  are  employed  on  some  of  the  big  Britii 
•machines,  such  as  the  Handley-Page,  but  their  use  is  rare. 

Arrangement  of  Blades.  It  is  also  evident  that  there 
possible  a  number  of  blade  arrangements.  Not  only  may  tl 
blades  differ  in  their  number,  in  their  outline,  in  their  cross-sectioJ 
pitch,  and  angles  of  setting,  but  they  may  also  differ  in  the  an^< 
they  make  with  their  plane  of  rotation,  in  their  longitudini 
placing  on  the  propeller  shaft,  and  in  the  use  of  longitudin; 
sections  from  hub  to  tip  that  are  straight  or  curved.  Propelli 
blades  in  line  or  at  right  angles  to  the  shaft  are  almost  universa 
The  advantage  of  this  is  that  centrifugal  force  exerts  a  direct  pu 
from  the  hub  without  any  tendency  to  move  the  blades  longitud 
nally,  parallel  with  the  axis  of  revolution.  A  supposed  disadvantag 
is  the  escape  of  air  from  the  propeller  tips  without  aiding  i 
propulsion.  But,  as  any  such  rapidly  thrown  air  is  more  apparer 
when  the  propeller  is  held  and  is  working  as  a  fan  than  whe 
working  in  flight,  it  has  never  been  considered  of  suflScient  serious 
ness  to  be  taken  into  consideration. 

Dihedrally  arranged  propeller  blades  with  the  hub  forwarc 
either  with  straight  or  curved  blades,  would  utilize  the  air  that  : 
apt  to  escape  at  the  tips,  but  they  would  also  increase  the  amour 
of  the  disturbance,  subjecting  the  air  behind  the  blades  to  direc 
centrifugal  action.  Moreover,  this  would  require  very  stiff  blade 
or  guy  wires  to  prevent  the  blades  from  straightening  out  undc 
centrifugal  force,  and  such  wires  would  interpose  additional  resis' 
ance  to  rotation  with  a  corresponding  disadvantage. 

Area.  The  violent  disturbance  of  the  air  is  affected  vet 
markedly  bj'  the  area  of  the  blades.  In  marine  engineerii* 
narrow  blades  are  usually  employed  on  slow-speed  propelled 
where  cavitation  is  not  a  factor  to  be  guarded  against;  but 
high-speed  marine  propellers,  where  it  is  likely  to  occur,  the  pr^ 
jected  area  of  tlie  blades  is  sometimes  as  much  as  0.6  of  the  tot 
disc  area.  In  the  case  of  aerial  propellers,  cavitation  is  not  likel 
to  occur,  particularly  with  a  two-blade  propeller,  unless  the  spee 
is  very  high,  1700  r.p.m.  or  more,  so  that  narrow  blades  are  prd 
erahh.  Experiments  in  marine  propulsion  also  show  that  th 
thrust  depends  more  on  the  disc  area  Wvavi  otl  \Jafc  ^dtk  of  th 
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Uades.  Both  in  marine  and  aerial  practice,  multiplicity  of  blades, 
or  increased  blade  area,  tends  to  reduce  the  eflSciency,  apart  alto- 
gether from  the  questions  of  weight  and  constructional  difficulties. 

Contour.  It  must  be  borne  in  mind  that  a  propeller  is  noth- 
ing more  nor  less  than  a  form  of  aerofoil  specially  designed  to 
travel  a  helical  path  and  that  the  laws  governing  it  are  the  same 
as  those  x>6rtaimng  to  the  action  of  the  supporting  surfaces  in 
striking  and  passing  through  the  air  which  forms  their  support. 
The  blades,  therefore,  should  be  concave,  or  hollow-faced,  and 
partake  of  the  stream-line  formation,  a  condition  that  is  not 
fulfilled  where  the  face  of  the  blade  is  flat,  such  a  surface  cutting 
into  the  air  with  considerable  shock  and  by  no  means  creating  as 
little  undesirable  motion  in  the  surrounding  medium  as  possible. 
A  curved-face  blade  has  of  necessity  an  increasing  pitch  from  the 
<^ing  edge,  or  attacking  face,  to  the  trailing  edge  (considering, 
of  course,  any  particular  section).  In  such  a  case,  the  pitch  of 
the  propeller  is  its  mean  effective  j)itch.  This  question  of  increas- 
J^  the  pitch  with  the  width  of  tlie  blade  has  an  important  bearing 
on  the  subject  of  blade  area,  for  making  a  wide  hollow-faced  blade 
^ould  soon  result  in  reaching  an  excessive  angle.  In  the  case  of 
the  flat  blade  the  same  thing  is  true,  because  l)y  the  contact  of 
rts  molecules  with  the  "initial  minimum  width"  tlie  air  has  already 
^n  accelerated  up  to  its  final  velocity,  and  further  area  is  not 
^one  wasted  but  is  detrimental  to  efficiency.  Requisite  strength 
^nd  stiffness,  of  course,  set  a  limit  on  the  final  narrowness  of  the 
olades  apart  from  other  considerations. 

Variable  Pitch.  It  has  been  demonstrated  that  the  improved 
Performance  of  an  aeroplane,  especially  as  regards  t\w  radius  of 
^'on,  can  be  brought  about  with  the  aid  of  a  [)ropeller  the  pitch 
^^gle  of  which  may  be  varied  at  will  by  the  pilot  while  in  flight, 
^he  liability  of  failure,  the  complexity  of  the  mechanism,  and 
^he  additional  weight  to  be  carried  must  all  be  weighed  against  the 
^vantages  thus  obtained.  As  shown  in  Fig.  (3  and  by  the  results 
^'  a  test  actually  carried  out  (given  under  the  head  *'Test 
of  Adjustable  Propeller'*),  the  gain  in  efficiency  of  an  adjustable 
t^Pe  of  propeller  over  the  fixed-blade  type  is  considerable.  This 
increased  efficiency  makes  available  a  greater  amount  ol  pow^T 
for  6imhing',  gives  faster  climbing  spevd,  and  permits  t\\Tott\\\\?, 
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down  the  motor  to  obtain  a  more  economical  cruising  speed,  hence 
increasing  the  radius  of  flight  and  the  time  that  the  aeroplane  can 
remain  aloft  for  a  given  amount  of  fuel. 

Advantages  of  Adjustable  Blades.  The  advantages  of  the 
adjustable  propeller  are  more  clearly  brought  out  by  the  approxi- 
mate curves  shown  in  Fig.  6,  which  give  the  horsepower  required 
and  the  horsepower  available  at  various  speeds  for  a  fast  recon- 
noissance  type  of  aeroplane  of  refined  design.  The  full  lines  give 
the  power  available  vitb 
a  fixed-blade  propeller; 
the  dotted  lines,  with  a 
variable  angle,  or  adjust- 
able blade.  It  is  assunKcl 
that  the  propeller  »"»* 
designed  for  maximum 
efficiency  at  the  high 
speed  of  the  aeroplane- 
The  most  evident 
gain  made  by  using  the 
variable  pitch  as  rf>- 
scrved  from  the  curves 
is  the  increased  reseri^e 
horsepower  available  for 
climbing.  Fully  loadi^i 
the  aeroplane  assumed 
in  the  present  instance 
climbs,  with  a  fixed-blad* 

FiR.fi.     PLTforrnunr,.  Cufv,.,  [..f  Her<,nn„i»au«-  prOpelleF,     G.')0    feet    1*1^ 

nrst  minute,  and,  witl»  * 
variable-pitch  type,  71'»  fcc-t  the  first  minute.  The  increase  .'^ 
radius  of  acrtion  is  also  very  great,  the  maximum  increase  bei*^ 
obtained  when  the  aeroplane  is  flying  at  its  economical  spe^"** 
Fig.  7  shows  the  economical  speed  in  each  case.  On  one  filli  *^ 
of  the  fuel  tank,  the  iised-blade  propeller  would  carry  the  machi  '^ 
OilO  miles  in  W^  hours,  whereas,  with  the  variable-pitch  blade,  tt" 
same  machine  could  travel  lOoO  miles  in  loj  hours.     Were  the  sac«* 

le  to  be  driven  at  full  speed  for  the  entire  time,  it  woi*J*' 

but  600  miles  wit\\  either  ptoveWw. 
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Fig.  7.     Curves  Showing  Economical  Speeds  of 

Aeroplanes  with  Fixed-Blade  (Full  Lines)  and 

Variablc^Blade  (Dotted  Lines)  Propellers 


These  curves,  while  only  approximate,  give  some  indication 
of  the  value  of  an  adjustable  propeller,  especially  where  great 
distances  are  to  be  covered.  The  greater  efficiency  of  the  variable- 
pitch  propeller  would  also 
be  of  value  in  giving 
bcreased  climbing  ability 
at  high  altitudes  and  in 
giving  the  possibility  of 
reaching  greater  heights 
^  a  given  machine. 
Another  advantage, 
which,  while  secondary  to 
the  increased  efficiency 
Dientioned,  is  of  substan- 
tial value  in  high-speed 
niachines,  is  that  an  ad- 
justable propeller  can  be 
fotated  to  give  a  large 
'^tive  angle  of  attack, 
Of  possibly  reversed,  thus  serving  as  a  brake  when  making  a 
landhig.  This  would  permit  landing  a  high-speed  machine  on  a 
footed  stretch  of  ground,  as  the  distance  the  machine  would 
'oB  would  be  reduced. 

Eficienq/  of  Adjustable  Propeller.  The  weight,  fully  loaded, 
of  the  aeroplane  assumed  in  the  present  instance  is  2400  pounds, 
^hile  the  brake  horsepower  varies  in  accordance  with  the  speed, 
*s  shown  by  the  curve.  Fig.  7.  Referring  to  Fig.  8,  if  A  denotes 
^^  angle  that  the  helix  line  makes  with  the  base  line,    V  the 

translational    velocity    in 
BNGLE OF /1TTf^Ct\      feet  per  second,  and  iV  the 

propeller  si)eed  in  feet  per 
second,  then  the  distance 
advanced  each  revolution, 

y 

neglecting  slip,  is  —  feet, 

^^ch  is  the  effective  pitch  of  the  propeller.  Suppose  the  chord 
^  of  the  blade  section  at  any  radius  x  makes  an  angle  a  with 
he  helix  line.  Fig.  8.    This  angle  a  is  termed  the  ang;le  o(  aU^LcV 
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'i*.  8.    Diacram  Showing  Pitch  Angle  of  Propeller 
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of  the  section.     As  -rr  changes  owing  to  a  variation  in 

or  N  or  in  both,  the  blade  section  will  have  a  varyin( 

V 
attack,  an  increase  in  -j^  decreasing  the  angle  of  attack 

versa.    The  efficiency  of  a  propeller  element  with  the  giv 
1  by 

tan  A 


/■;= 


tan(^l+G) 

where  G  is  the  gliding  angle,  which  is  a  function  of 
of  attack  and  varies  with  the  tj-pe  of  section  employed. 
usual  section  em; 
propeller  design,  G 
imum  when  the 
attack  is  about  ' 
It  would,  therefore, 
tageous  from  the 
of  efficiency  of  tl 
to  keep  the  angle 
at  4  degrees  tlirnii 
speed  range  of  tl'.e 
Maiutaining 
Angle  of  Attack:  i 
angle  of  attack  coul 
tained  by  means 
ible  blade  whose  p 
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could  be  clianged  u  varying  amount  from  the  tip  of 
to  the  root,  or  hub  section.  iSnch  a  blade  is  out  of 
tion  in  the  light  of  present-day  practice.  A  good  a 
tion  to  such  a  blade,  however,  could  be  effected  more  ; 
rotating  the  blade  about  its  axis  perpendicular  to  the 
in  other  words,  making  it  adjustable  while  in  flight. 
usual  type  of  section  emploj'cd,  the  approximation  is  gc 
value  of  G  does  not  change  greatly  for  a  degree  or  so 
side  of  the  best  angle  of  attack.  A  mean  \'alue  for  thi 
attack  could  therefore  be  found  giving  practically  the 
iiency  as  though  all  the  sections  were  at  the  best  angle 
^''ig.   9,  shows  curves   in  wbicVi  t\ie  i;ffiit\ftt«iij  qI  «.  ^ 
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Tlie  full  line  gives  the  efficiencj-  for  a  fixed 

Vade,  while  the  dotted  line'  represents  the  efficiency  of  the  same 
bUde  with  the  angle  of  attack  maintained  at  approximately  4 
dqrees.    It  is  assumed  that  the  fixed-blade  propeller  was  designed 

tor  a  maximum  efficiency  at  a  value  for  —  of  about  6  feet. 

Test  qf  Adjustable  Propeller.  A  series  of  tests  of  an  adjustable- 
fitch  tj-pe  of  propeller,  the  Eustis-Hart,  carried  out  recently  under 
the  8uper\-is!on  of  one  of  the 
pvOTiunent  inspectors  at  Long 
Beach,  California,  showed 
wiilts  which  substantiate  the 
unease  in  efficiency  outline*! 
»bo\'e,  Fig.  10.  The  blades' 
nmer  ends  terminate  in  long 
steel  sockets  which  may  be 
mtated  through  part  of  a  revo- 
lution to  produce  the  variance 
inpitcliangledesired.  Thead- 
•iitional  weight  thus  involved 
1*5  one  advantage  in  that  it 
Waasa  fl.vwheel  and  tends  ' '''p.^^r  o['Kiy|j;.  r)7ilYK''-^'ij'"^^^^^ 
**  cut  down    the    vibration 

•otherwise  noticeable.  This  hub  is  equippit!  with  ;i  sf-lf-iocking 
wxwe  which  prevents  the  pitch  of  the  ])rci]K'll(T  frtmi  being 
•ffectttl  by  \'ibration  or  air  pressure  after  ailjustment,  so  tiiat 
"W  pitch  angle  is  completely  under  the  ciuitrn]  of  the  pilot, 
"le  method  of  adjustment  provided  permits  changes  so  small  as  to 
*  equivalent  to  a  micrometer  adjustment.  On  n  block  test,  with 
*60-h.p.  Hall-Scott  motor,  the  projjeller  pave  the  followin;,'  results: 

4  ft.  8  in.  pitch     1050  r.p.m.     4(l()  lb.  thrust 

5  ft.  6  in.  pitch     1025  r.p.m.     ;!(i()  lb.  thrust 
7  ft.  2  in.  pitch     1000  r.p.m.     m)  Hi.  thrust 

While  numerous  experiments  have  been  umlertakcn  to  dcmon- 
"'ste  the  advantages  of  an  adjustable  t\  pe  of  itropeller  and  several 
^  ^  latter  have  been  devised,  none  of  them  luis  come  into  aetuaX 
*'Ticea«,f«t 
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PROPELLER  BLADE  STRESSES* 

Classification  of  Stresses.  The  propeller  blades  of  an  aeropla 
are  subject  to  the  followbg  stresses  in  any  but  straight-line  fligh 

Shear — due  to  aerodynamic  forces 

Tortion — due  to  the  distance  between  the  center  of  gravity  of  the  bUdc  t 
tioo  and  tlie  point  of  application  of  the  reaultant  of  the  air  roactions 

Tension — due  to  centrifugal  force 

Steadg  bending — due  to  aerodynamic  forcee,  torque,  and  thrust  impoeiii; 
distributed  load  on  the  blade,  the  hub  being  the  fixed  point  of  support 


Reverie  bending — due  to  gyroacopic  forces,  which  wt  only  when  tho  nero|)L 
rotalee  about  an  axin,  as  in  making  a  turn  or  pulling  out  of  a  dive.  Actua 
on  aeroplane  is  couBtantly  turning  somewhat  if  the  flight  be  in  disturbed  air. 

Each  of  these  forces  produces  a  maximum  stress  of  tension  and  co 
pression  in  different  parts  of  the  blade,  hence  the  resultant  fli 
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stress  at  any  {lolnt  will  be  equal  to  the  algebraic  sum  of  the  in 
vidual  stresses  at  that  point. 
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.  Cakulatii^  Stresses.    It  is  sufficient  to  calculate  the  stresses 

at  the  points,  a,  b,  and  c,  Fig.  11,  along  the  hlade,  as  these  points 
will  be  those  of  maxiinum  stress.    The  shear,  in  any  caae,  is  small 


and  can  be  neglected  in  design;  the  torsion  is  also  small.  In 
good  designs,  when  the  thrust  is  great,  the  point  of  application  of 
the  air  reactions  is  but  little  removed  from  the  axis  passing  through 
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the  center  of  gravity  of  the  section.  The  oiirves  of  stress  given 
are  for  a  three-blade  propeJIer  about  SJ  feet  in  diameter,  o  VecV 
in  pitcb,  uid  abBt^bing  150  b.p.  at  1300  r.p.ra.    The  cutvea  a.T« 
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not  accurate  as  they  are  intended  only  to  give  a  general  idea  en 
the  order  of  magnitude  of  tlie  stresses  likely  to  occur  in  such  m 
propeller.  The  stress  caused  by  centrifugal  force  is  uniform  ova 
any  section  of  the  blade  and  varies  in  intensity  at  points  akofl 
the  blade,  as  shown  approximately  by  the  curves  of  Figs.  12,  199 
and  14.  Steady  bending  due  to  aerodynamic  forces  is  caused  Iqfl 
torque  and  thrust.  These  forces  act  along  XX  and  YY,  respe&l 
tively,  for  any  section,  such  as  is  shown  in  Fig,  IL  When  resdvea 
along  /-/  and  77-77,  they  induce  bending  moments  that  cause  the! 
fiber  stress  is  shown  in  Figs.  12,  13,  and  14.  | 

Gyroscopic  moments  are  only  induced  w^hen  the  aeroplane  isl 
changing  its  direction  of  flight.    In  order  to  estimate  the  stresM 
set  up  in  the  bhulcs,  an  assumption  must  be  made  as  to  theJ 
angular  velocity  of  the  i)rc)peller  axis,  that  is,  as  to  the  precessioa.! 
There  is  some  question  as  to  the  assumption  it  is  reasonable  toj 
make  in  computing  the  stresses.    The  type  of  aeroplane  and  the- 
size  and  disposition  of  the  larger  masses,  such  as  the  motor,  etc, 
will  affect  the  rate  at  wliich  a  machine  can  be  turned  in  flight. 
In  general,  the  angular  velocity  in  yaw  will  not  greatly  exceed  0.35 
radian    per    second.     It  nnist   be  rememlxTcd,   however,    that  a 
steeply  banked  turn  also  involves  rotation  in  pitch. 

The  maximum  angular  vel(K'ity  attained  in  coming  out  of  a 
steep  (live  can  l)e  estimated  from  the  characteristic's  of  the  aero- 
plane and  the  factor  of  safety,  which  determine  the  maximum 
high  speed  attainable  and  the  radius  of  curvature  of  path  along 
which  it  is  i)ossil)le  to  pull  the  machine  out  of  its  dive  safely. 
A  safe  value  for  the  angular  veloijity  in  pitch  for  the  usual  tx^pe 
of  present-ilay  aeroplanes  is  about  one  radian  per  second.  Loops 
have  been  turned  in  about  six  seconds,  w-hich  gives  about  the 
value  mentioned  of  the  angular  velocity.  A  precession  of  one 
radian  ])er  second  at  the  normal  spei^d  of  the  engine  should  there- 
fore be  assumed  in  coni])uting  the  stresses. 

Gyroscopic  and  Fiber  Stresses.  The  stresses  set  up  by  g>TO- 
scopic  forces  are  alternating,  changing  in  sign  (tension  to  com- 
l)r(*ssion)  twia^  in  each  revolution  of  the  propeller  about  its  axis. 
The  fiber  stresses  caused  by  the  gyroscopic  moments  are  given  in 
the  curves  of  Figs.  12,  lo,  and  14.  Algebraically  adding  the  fiber 
stresses  at  the  tiiree  points  c\\ose\\  v^ves  iW  ^.^v^^soaXfc  N^>aft  of 
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the  resultant  fiber  stress  at  those  points,  as  shown  in  the  same 
It    will  be  noticed  that  the  maximum  stresses  occur  at 
distance  out  from  the  hub.    To  insure  a  good  wearing  blade, 
hich  will  stand  up  under  the  necessarily  hard  usage  given  it  in 
ithc  field,  a  factor  of  safety  of  not  less  than  five  is  suggested  as 
^lieing  the  minimum  consistent  with  the  requirements  when  the  three 
principal  stresses  are  taken  into  consideration. 


DESIGN  AND  CONSTRUCTION 

DESIGN  FACTORS 

Laying  Out  Propeller.*  Propeller  design  and  manufacture 
constitute  a  specialty  with  which  the  aeroplane  designer  does  not 
ordinarily  concern  himself,  since  usually  a  propeller  of  a  standard 
approved  pattern  is  ordertni  from  the  manufacturer,  or  one  is 
requisitioned  to  bt*  made  according  to  certain  specifications,  so 
that  no  mention  of  it  has  ham  made  in  the  foregoing  outline  of 
methods  of  design.  In  commencing  to  lay  out  the  })lade  sections 
of  a  propt^Ier,  it  is  first  necessary  to  determine  the  chord  angles 
of  the  blade  at  several  radii.  Having  done  this,  the  plan  and 
elevation  of  the  blade  may  be  erected,  consideration  b(*iiig  given 
to  the  fact  that,  as  far  as  possible,  the  following  two  conditions 
must  be  c*omplied  with:  (1)  The  center  of  iirea  of  the  sections 
should  lie  on  the  blade 
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axis;  and  (2)  the  respec- 
tive pjortions  of  the  cen- 
ters of  pressure  of  the 
sections  should  be  so 
arranged  about  the  blade 
axis  as  to  eliminate,  as  far  as  possible,  all  twist  on  the  l)la<l(\  The 
loading  of  the  blade  may  be  taken  as  uni])lanur.  Orciisioiinlly,  iIkm' 
two  conditions  may  be  somewhat  antagonistic.  A  syninietricnl  plan 
form  is  undesirable,  a  good  plan  form  IkIiii:  illustnitrd  by  Fig.  1."). 
Obtaining  Chord  Angles.  We  can  obtain  the  true  cliord  angles 
4>  for  each  radius  along  the  blade,  considered   from  the  relation 

r  \ 


0x  =  ax+tan 


-i; 
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•From  "Air  8enw»",  by  M.  A.  S.  Rjach. 
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in  which  P  is  the  effective  pitch  of  the  propeller.  Bu 
obvious  that  the  effective  pitch  of  any  propeller  b  not  nee 
a  fixed  quantity,  but  depends  upon  the  values  of   V,  its 

lational  velocity,  and  upon  n,  the  number  of  revolutions  per 

V 
A  particular  value  of  the  ratio  —  may  therefore  be  defined 

ft 

at  which  there  b  (1)  no  resultant  thrust  on  the  blades 

direction  of  translation;  (2)  no  resultant  torque  on  the  bla< 

direction   normal   to  the  direction   of  translation   and  t 

tangential  to  the  disc  of  revolution  of  the  blades;  and 

V 
average  reaction  on  the  blades.    The  three  values  of 


con 


n 


ing  to  these  three  cases  will  be  constants  for  any  given 
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Fig.  16.     Method  of  Laying  Out  Propeller 
Courtesy  of  "Air  ScrctM",  M.  A.  S.  Riach 


propeller  and  P  in  the  above  equation  is  accordingly  assi 

V 
have  the  value  of  —  as  thus  defined.    The  values  of  a,  m 

n 

along  the  blade,  although  usually  it  will  be  found  that  tb 

of  tlie  angles  of  attack  are  approximately  constant  and 

neighborhood  of  4  degrees. 

V 
If  we  draw  a  vertical  line  to  represent  the  value  of  — 

n 

horizontal  line  to  represent  27r  times  the  radius  in  each  of  t 

considered,  Fig.  16,  we  may,  by  drawing  in  the  various 

nuses,  obtain  the  inclination  of  the  helix  paths  for  any 

along  the  blade.    And  if  these  \\e\\x  aw^^  A  >a^  ^ja^^cw 
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tbe  respective  angles  c^  attack  at  these  points,  there  will  be 
obtained  the  true  chord  angles  for  the  various  radii  con^dered; 
if,  further,  the  widths  of  Ihe  blade  at  these  radii  be  drawn  in  to 
iicale  along  the  chord  angle  lines,  it  is  possible  to  proceed  at  once 
to  lay  out  the  plan  and  elevation  of  the  whole  blade.  Strictly 
speaking,  the  blade  widths  and  sections  at  each  radius  when 
obtained  should  lie  on  cylindrical  sections  coaxial  with  tbe  air 
screw  and  not  on  plane  sections  at  right  angles  to  a  fixed  arbitrary 
line  in  the  blade.  The  difference,  however,  is  small  at  all  but  the 
smallest  radii,  where  it  b  of  the  least  importance. 

Details  of  Hub  and  Laminations.  Sections  near  the  hub  may 
be  increased,  if  necessary,  by  adding  a  lower  convex  surface,  in 
'■hich  case  the  calculated  chord  angles  may 
bave  to  be  departed  from  in  such  sections. 
TTiis  is  not  of  great  importance,  although 
tbe  artual  chord  angles  of  such  sections 
*lioul(l  not  be  less  than  their  respective 
bel«  angles  at  these  radii. 

All  modern  propellers  are  built  up  of 
» niunber  of  laminations  of  wood  glued 
together  after  being  properly  surfaced, 
rreneh  walnut  being  largely  used  for  this  purpose  abroad  and  oak 
Wash  in  this  country.  The  laminas  may  easily  be  laid  out  when 
tie  chord  angles  at  the  several  radii  considered  have  been  deter- 
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"iiDcd.  The  method  is  indicated  in  Fig.  17.  The  jilotting  of  the 
wmtoiirs  along  the  blade  is  obtained  from  a  consideration  of  the 
P™  fonn  of  the  blad^  and  the  construction  of  the  laminations, 
'  specimen  contour  plotting  being  shown  in  Fig.  18, 

In  laying  out  a  propeller,  the  various  curves  shouVd,  as  \m 
■iposable,  terminate  in  tbe  hub  with  smooth  curves,  t\ie  s,\7*  0*1 
"^habhaell  being  determined  by  considerations  oi  Uade  -wviW 
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and  the  type  of  mounting  to  be  employed.  Increasing  the  sectio 
of  the  blades  at  the  hub  by  means  of  a  convex  under  surfa< 
would  not  appear  to  affect  their  aerodynamic  properties  to  ar 
great  extent,  though  the  employment  of  a  convex  under  surfar< 
tends  to  decrease  slightly  the  value  of  c^  (the  absolute  lift  coeC 
cient)  and  hence  necessitates  the  use  of  a  wider  blade  sectio 
This  is  sometimes  done  when  a  stronger  section  is  required,  tl 
lift-drift  ratio  being  affected  but  slightly. 

The  diameter  of  the  propeller  is  usually  determined  fro: 
considerations  of  ground  clearance  and  similar  restrictions  and 
generally  made  as  large  as  the  design  of  the  aeroplane  will  permi 
this  being  fairly  standard  practice  at  present.  The  ends  of  tl 
blades  are  tapered  to  an  elliptical  form,  since  blade  ends  of  th 
shape  show  a  marked  improvement  in  lift-drift  ratio  over  simili 
aerofoils  with  square-cut  ends,  provided  that  the  section  of  blac 
in  the  former  case  is  everywhere  geometrically  similar,  the  theoi 
of  the  propeller  as  a  wliole  being  based  on  its  analogy  to  an  aen 
foil  moving  in  a  straight  line.  In  designing  a  propeller  to  nie< 
any  specified  conditions,  the  forms  of  the  blade  sections  are  chose 
so  as  to  effect,  as  far  as  possible,  a  compromise  between  consider 
tions  of  aerodynamic  efficiency  and  the  necessary  strength  of  tl 
various  portions  of  the  blade. 

True-Screw  Design.  Action  Similar  to  Nut  and  Bolt.  The: 
are  two  forms  of  propellers  extant,  the  true-screw  and  the  noi 
uniform  pitch,  the  former  being  very  largely  in  the  majorit 
in  fact,  used  almost  altogether,  although  the  nonuniform  pit< 
tj'pe  likewise  has  its  advocates.  The  effect  of  revolving  an  aer 
propeller,  as  already  explained,  is  to  create  out  of  the  body  of 
in  which  it  is  run  a  column,  or  shaft,  of  air  of  a  diameter  nea 
corresponding  to  the  diameter  of  the  propeller,  the  column  be 
given,  by  the  pitch  and  rotation  of  the  blades,  a  backward  mot 
proportionate  to  the  power  delivered  to  the  propeller,  the  mo 
mcnt  of  the  latter  being  similar  to  that  of  a  nut  when  be 
moved  along  a  bolt  in  the  operation  of  loosening.  The  underly 
principle  of  the  screw  thus  being  ncxxissary,  it  is  essential  that  ' 
propeller,  which  is  the  column-forming  instrument,  should  be  t 
to  work  with  the  greatest  efficiency;  it  should  run  through  i 
column  within  the  main  body  m  t\\e  ^«cmfc  ^^.^  ^^  ^  ^di^Dai 
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mit  woims  its  course  along  a  well-made  bolt.    Each  part  of  the 

bolt-engaging  surface  of  the  nut  must  engage  with  the  surface  of 

the  "fluid-bolt"  it  creates  with  equal  pressure  throughout  the  whole 

of   its  convolutions.    Any  distortion  or  lack  of  trueness  in  the 

thread  of  an  ordinary  nut  will  effectually  spoil  its  bolt  by  stripping 

,  the  thread  to  some  degree,  in  other  words,  ruining  its  engaging 

surface,  while  coincidently  requiring  a  uselessly  large  amount  of 

power  to  force  it  along  the  bolt.    The  same  principle  applies  in 

tbe  case  of  the  propeller,  and,  if  the  blades  are  distorted,  rough,  or 

utit;Tue,  they  will  act  in  the  same  manner  as  the  badly-made  nut 

wid  waste  a  great  deal  of  the  power  exerted  in  driving. 

On  the  true-screw  principle,  the  effect  of  the  propeller  in  the 
^^  must  start  from  the  point  where  the  blade  springs  from  the 
hub  and  continue  right  through  its  entire  length  and  surface. 
Ea,oh  blade  must  accurately  match  its  counterpart  and  be  fixed  in 
rela.tion  to  it  so  that  at  no  point  will  one  part  of  the  propeller  try 
^  <i*limb  through  more  air  or  worm  through  any  more  or  less  of  its 
^f'J^  course  than  it  should.  If  not  properly  and  accurately  made, 
instread  of  thrusting  backward  a  clean-cut  column  of  air,  it  will 

• 

simply  churn  and  worry  it  with  a  great  loss  of  power.     But  a 

pi*opeller  which  is  true  screw  in  shape  may  be  very  untrue  in  its 

*^^ion  upon  the  air.    To  be  efficient,  it  must  act  as  a  whole  upon 

tlio  air,  as  a  true-screw  nut  does  upon  its  bolt.     In  other  words, 

tao  best  propeller  for  any  particular  case  may  have  greater  or  less 

ari&ularity  of  its  blade  at  various  places  than  would  be  called  for 

^    tJie  prop)eller  were  designed  to  be  a  true-screw  shape  for  the 

particular  pitch  speed  required.     In  any  case,  it  must  be  a  true 

screw  in  its  operation. 

Analogy  of  Smoke  Ring.    Some  idea  of  the  dynamics  of  the 

action  of  the  aerial  propeller  may  be  gained  by  citing  a  very  simple 

"^iistration.    Take  the  case  of  a  smoker  '*blowing  rings".     It  will 

"^  '^oted  that  a  cylinder  of  air  is  propelled  from  the  mouth  into 

^  still  air  of  the  room.    At  the  edge  of  this  cylinder  of  air  is  the 

^oke  ring,  and  it  will  be  evident  that  it  revolves  within  itself, 

^^  ^Uside  traveling  forward  and  the  outside  of  the  ring  to  the  rear. 

/^  is  obviously  due  to  the  friction  between  the  moving  cylinder 

^^  and  the  still  air  through  which  it  travels.    T\\\^  ^.eXXoxv  *v?s 

^^  tnarkedJIy  apparent  in  the  smoke  rings  that  issue  itotxi  ^^wXvci^ 

271 
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guns  and  from  locomotive  stacks  under  favorable  atmospheric' 
canditions,  but  equally  effective  results  may  be  obtained  i«dth  a 
''smoke  ring  box",  made  from  an  ordinary  stationery  box  with  t 
circular  hole  cut  out  of  the  center  of  the  cover.  Fill  this  with 
smoke  and  tap  lightly,  to  compress  the  air  within,  and  a  ring  will 
be  emitted.  A  hard  tap  will  cause  a  clear  sharp  ring  to  shoot 
rapidly  upward,  but,  by  raising  the  box  cover  slightly  and  gently 
lowering  it,  a  series  of  rings  will  emerge  and  float  slowly  up,  afford- 
ing sufficient  opportunity  to  study  their  evolutions  closely.  In 
any  case,  when  a  smoke  ring  is  produced,  its  center  is  very  smaD 
and  grows  larger  as  the  ring  expands.  It  is  with  the  first  stage  of 
the  ring  that  we  will  deal. 

Assume  the  two  cross-hatched  ellipses  of  Fig.  19  to  show  the 
section  of  a  smoke  ring,  cut  through  its  center.    The  ring,  acted 

upon  by  a  force  in  the  direc- 
tion of  I),  revolves  \*'ithin 
itself  as  shown  by  the  airoii^'s. 
Friction  with  the  outside  air 
mass  causes  this  rotation  and 
re(luct»s  tlie  velocity  of  the 
extreme  edge  of  the  ring  to 
zero,  as  shown  at  .4  and  A'- 
This  ring  then  apparently 
rolls  inside  a  tube  of  air, 
and,  as  its  maximum  velocity 

* 

is  at  C  and  C\  the  points  li  and  W  must  attain  a  velocity  equal  to 
one-half  that  at  T  and  T'.  The  portion  between  C  and  f"  forms 
the  shank  and  hub  in  most  pro])dlers  and  does  not  assist  mate- 
rially in  propulsion,  if  at  all.  The  above  may  l)e  taken  as  the 
relative  velocities  of  various  iK)rtions  of  the  disc  of  the  air  column 
sheared  loose  l)y  the  slip  of  a  serew-pitch  i)roix*Iler  while  traveling 
through  the  air  at  its  normal  spetnl. 

Nonuniform-Pitch  Design.  Taking  a  screw-pitch  propeller. 
l)la(l<*  incidence*  angles  (hladi*  angles  not  corrtH-teil  for  slip)  ^^ 
foun  1  at  the  difl'erent  radii  corresi)onding  to  Fig.  19  to  be  as  fo^' 
lows:  At  C  and  C\  14  degrirs;  at  B  and  li\  7  degrees;  and  at 
A  and  A\  l\\  degrees.  Now  the  veWity  at  C  and  C  is  twice  as 
/r/YY/^  /is  Sit  li  niul  Ii\    In  order,  tlAeitjtoTe,  to  raise  the  velocity  »* 


Fig.  10.     Diasrftin  Showiim  .Vrtimi  of  Propfllrr 
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\d  B'  to  that  at  C  and  C\  we  must  increase  the  blade  angle 
le  propeller  as  much  again,  or  from  7  to  14  degrees.  The 
ity  at  A  and  A'  being  practically  zero,  it  will  be  necessary  to 
ase  the  blade  angle  considerably  at  this  radius.  Doubling  the 
5  angle  at  B  and  fl'  has  doubled  the  velocity  at  this  point; 
3,  increasing  the  blade  angle  at  A  and  A'  (3^  degrees)^  to 
brmer  angle  of  B  and  B'  (7  degrees)  should  give  this  radius 
Former  B  and  B'  velocity,  or  one-half  that  of  C  and  C\ 
loubling  this  angle,  that  is,  increasing  it  to  14  degrees,  we 
I  reach  the  velocity  of  C  and  C\ 

These  angles  may  then  be  assumed  to  give  a  slip  column  of  air 
dform  velocity,  and  as  such  a  column  of  air  is  what  the  propeller 
es  against,  the  slip  column  would  give  a  more  efficient  back- 
id  for  propeller  purchase,  so  to  speak,  than  the  varied  velocity 
m  delivered  by  the  screw-pitch  proi>eller.  This  constitutes  an 
ment  for  the  uniform-pitch  propeller,  it  being  noticeable  that  the 
ucts  of  increasing  and  doubling  the  various  angles  result  in  each 
in  the  same  angle,  namely,  14  degrees.  Correcting  this  angle 
ighout  its  length  in  order  that  the  theoretical  and  practical  foot 
I  may  agree,  add,  say,  2^  degrees,  and  the  result  will  be  a  uniform, 
raight-pitch,  propeller  with  a  blade  angle  of  1()J  degrees. 
Propeller  Efficiency.  The  efficiency  of  a  propeller  depends  upon 
fundamental  laws,  the  law  of  kinetic  energy  and  the  la^w  of 
entum.  A  propeller  rotating  on  a  standing  machine  discharges 
lain  number  of  pounds  of  air  backward  every  second.  The 
of  kinetic  energy  is  expressed  by  the  equation 

64A' 


W 


y2 


«   A'  is  the  number  of  foot-pounds  of  energy  which,   when 
led  to  a   body  or  volume   of  air  of    IV  pounds   weight,  will 

it  a  velocity  of  V  feet  per  second. 

The  law  of  momentum  is  expressed  l)y  the  equation 

k>  f 

^  F  is  the  force  in  pounds  which,  when  applied  to  a  body  or 
Qe  of  air  of  W  pounds  weight  for  a  time  T  seconds,  rw^'^n  \\  «i 
ity  of  V  feet  per  second. 
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But  there  are  two  meanings  of  the  term  "propeller  effieiencj*". 
One,  the  true  efficiency ^  is  the  useful  work  of  the  propeUer  di\ided 
by  the  power  absorbed  by  it.  The  useful  work  is  the  speed  of  thej 
aeroplane  multiplied  by  the  thrust  of  the  propeller  while  driving 
the  machine  at  that  speed,  and,  of  course,  the  power  absorbed  is 
the  brake  horsepower  (in  foot-pounds)  of  the  engine  at  the  number 
of  revolutions  made  under  those  conditions  less  the  power  lost  in 
transmission.  The  other  meaning  of  propeller  efficiency  is  simply 
the  thrust  exerted  by  the  propeUer  when  revolving  at  a  fixed  point 
multiplied  by  the  pitch  velocity  and  divided  by  the  foot-pounds 
delivered  to  it  by  the  engine.  The  pitch  velocity  is  the  pitdi 
times  the  number  of  revolutions  per  minute. 

It  is  efficiency  in  the  latter  sense  that  is  considered  here,  aodi 
a  comparison  of  two  propellers  of  different  diameters  Wlshow,] 
in  a  striking  manner,  the  increase  in  efficiency  with  increase  inl 
diameter.    Take,  for  example,  two  propellers  of  different  diameters  | 
rotating  on  standing  machines  using  the  same  horsepower.     The  \ 
given  horsepower  acting  upon  the  smaller  amount  of  air  in  the  i 
smaller  propeller  gives  the  discharged  air  a  higher  velocity  than 
with  the  larger  propeller.    This  velocity  corresponds  somewhat  to 
the  slip  in  a  propeller  on  a  moving  machine  and  should  not  be 
mistaken  for  the  velocity  of  the  machine. 

Let  the  two  propellers  be  of  such  sizes  that,  for  one  horse- 
power applied  to  each,  the  velocity  given  to  the  discharged  air 
by  the  small  one  would  be  40  feet  per  second  and  by  the  larger 
one  20  feet  per  second.  One  horsepower  is  equivalent  to  550  foot- 
pounds of  energy  expended  per  second.  Consider  the  law  of 
kinetic  energy  as  applied  to  the  volume  of  air  discharged  in  one 
second  by  the  two  different  propellers.  We  have  for  each  pro- 
peller, A'  equals  550  foot-pounds;  1'  equals  40  and  20  feet  pcf 
second,  respectively.  Then  the  weight  W  of  air  discharged  by 
the  small  propeller  in  one  second  is 

jj  r    64  A'    64  X  550    ^,-.  „      .    . 
"=-,^  =  -40r-  =  2^1b.ofair 

Again,  for  the  larger  propeller 

ir=i!i^|52=881b.ofiur 
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Now  that  we  have  the  values  of  W,  or  the  weights  of  the  air 
ischarged  m  each  case,  we  can  apply  them  in  the  equation  of 
lomentum  and  ascertain  the  force  applied. to  the  air,  or  the  thrust 
:  the  propellers.    For  the  smaller  propeller  we  have 

«     WV    22X40     ^-  .  „      .     ^ 

Again,  for  the  larger  propeller 

F=g^  =  55  lb.  thrust 
32X1 

Of  course,  in  these  calculations,  the  losses  due  to  skin  friction 
id  to  the  churning  of  the  air  are  neglected,  but  the  figures  show  a 
riking;^  comparison  in  favor  of  the  larger  propeller,  both  in  having 
nailer  slip  and  in  giving  a  higher  thrust  than  the  smaller  one  for 
le  same  amount  of  energy  expended  in  producing  slip. 

PROPELLER  CONSTRUCTION 

Material.    In  actual  propeller  construction  various  expedients 
i&ve  been  tried  by  the  French  and,  while  some  of  these  propellers 
bave  been  ingenious,  the  example  thus  set  has  not  been  generally 
followed.    The  Antoinette  was  one  of  the  verv  few  machines,  if 
iKJt  the  only  one,  to  employ  a  metal  projiellcr.     Bleriot  experi- 
inented  with  metal  propellers  in  the  early  <lays  but  shortly  aban- 
doned them   for  wood,    which    he    has    since    adhered   to.     The 
Antoinette  propeller  had  a  diameter  of  7  feet  2  inches  and  a 
pitch  of  4  feet  3  inches.    It  was  built  of  a  stiff  steel  tube  to  which 
^ere  riveted  two  blades  of  sheet  aluminum.    The  blades  them- 
sdves,  however,  were  adjustable,  thus  permitting  the  pitch  to  be 
varied.    It  was  designed  to  run  at  1100  r.p.m.    The  Vendome  was 
*  hollow  two-blade  propeller,  8  feet  in  diameter,  built  of  hi(!k()ry 
veneer  mounted  on  canvas,  so  that,  despite  its  size,  it  weighed 
only  4.4  pounds.     While  this  represents  exquisite  workmanship  and 
4  beautiful  finish,   an  extremely  light  weight   is  no   advantage, 
particularly  where  the  propeller  is  relied  on  to  act  as  a  substitute 
for  the  flywheel  of  the  motor,  as  is  generally  the  case. 

Standard  Construction.  The  standard  method  of  propeller 
construction,  in  that  it  is  now  most  generally  followed,  is  that  of 
^uing  a  number  of  boards  together  under  heavy  pressure  and  l\iexv 
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practically  whittling  the  propeller  out  of  the  block  thus  foi 
Fig.  20.  Wood  fa  preferred  to  steel  for  a  number  of  rei 
chief  among  which  is  the  liability  of  a  steel  blade  to  snap  sud* 
and  without  warning  under  the  influence  of  temperature  ch 
or  violent  shocks.  If  sufficiently  strong,  a  wood  blade  is 
liable  to  snap  and  gives  warning  of  impending  fracture  by  be 
and  splitting.  Wood  propellers  are  also  much  lighter  than  th< 
steel.  The  blade  of  an  aerial  propeller  has  sharp  edges,  pa 
larly  on  what  is  termed  the  attacking  edge,  but  it  is  quite 
along  its  median  line.  It  is  made  thick,  not  merely  to  stren 
it,  but  because  thickness  offers  the  same  aerodynamic  advanti 
the  propeller  that  it  presents  in  the  sustaining  surfaces  o 
aeroplane.    This  thickness  gives  ample  strength  when  the  mt 


Fig.  20.     Method  of  Fitting  Blocks  from  Which  Propeller  Is  Shaped 

is  wood,  while  it  would  make  a  steel  propeller  unnecessarily  s 
and  excessively  heavy,  though,  for  that  matter,  it  would  be  po 
to  employ  sheet-steel  stampings  or  pressed  steel  autogenously  w 
together.  In  this  case,  the  expense  for  dies  would  be  prohil 
unless  propeller  designs  were  standardized,  so  that  wood  ha 
advantage  of  being  much  easier  to  work  than  steel. 

Chauviere  Method.  The  Chauviere  propellers,  used  on 
French  machines,  are  built  up  of  several  planks  of  well-sea! 
ash  or  walnut.  These  planks  are  cut  to  the  shape  of  a  numl 
sections  transverse  to  the  axis  of  a  propeller  designed  in  accon 
with  the  special  conditions  proposed,  such  as  the  r.p.m.  ra 
which  it  is  to  turn,  torque,  tractive  effect,  and  the  speed  for  ^ 
the  aeroplane  itself  is  designed.  Each  plank  forms  part  of 
blades  of  the  two-blade  propeftei  aivA  \iv«i^l«t^  %.  \tfAfc  S&  cut 
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the  center  to  receive  the  hub.  The  planks  are  then  glued  together 
on  their  faces,  after  having  been  accurately  centered  and  orientated 
so  that  they  represent  the  form  of  the  finished  propeller  approxi- 
mately and  show  some  of  its  lines  accurately.  The  next  operation 
consists  of  remo\'ing  the  superfluous  wood  between  these  lines  and 
t  working  the  entire  surface  to  the  required  form.  Carrying  this 
out  by  hand  as  was  originally  done  is  a  delicate  task  requiring 
great  skill  and  care,  for  the  removal  of  too  much  material  at  any 
pomt  would  ruin  the  work.  Propellers  are  now  made  on  special 
niachines  working  on  the  principle  of  the  copying  lathe  used  for 
turning  ax  handles  or  similar  irregular  shapes. 

Manufacturing  Processes.*    While  the  methods  by  which  a 
propeller  can  be  made,  as  given  in  the  previous  pages,  give  some 
idea  of  the    nicety   required    in    its   construction,    it   is   likewise 
evident  that  such  methods  could  not  be  followed  in  the  production 
of  propt»Ilers  on  a  commercial  scale.    Regardless  of  the  particular 
kind  of   wood    employed,    walnut    and    mahogany    being   largely 
favored  in  Europe  and  quarter-sawed  oak  in  this  country,  it  goes 
without  saying  that  the  material  is  selected  and  treated  with  the 
utmost  care*.     It  is  a  commonly  accepted  fact  that  out  of  every 
thousand   feet   of   so-called   selected   spruce,   not   more   than   one 
hundred  feet  are  available  for  aeroplane  construction.    The  per- 
centage rejccled  in  the  case  of  propellers  is  not  so  great,  since  hard 
^oods  usually  are  freer  from  blemishes  and  defects  than  spruce. 
Building  Up  Blades,    The  boards  are  sawed  to  1  inch,  rough- 
dreiised  to  J  inch,  and  finish-dressed  to  fe  ^>r  4  inch.     According 
^0  the  size  of  a  propeller,  its  blades  consist  of  five  to  ten  lamina- 
tions.   These  are  laid  out  on  boards  and  sawed  to  outHnc,  care 
■^ing  taken  to  avoid  all  defects  in  the  wood  and  to  have  the 
^ain  and  density  of  the  wood  as  nearly  simihir  as  possible  at 
opposite  ends  of  the  piece.     In  the  better  and  preferred  practice, 
nowever,  the  laminations  for  each  single  blade  arc  laid  out  sepa- 
J^tely  and  carefully  weighed,  matched,  and  bahniced  against  one 
another.    They  are  then  selected  in  pairs,  or  in  trios  for  tliree- 
61ade  screws,  and  their  hub  ends  securely  glued  together  in  highly 
efficient    joints    of    very  large   glue-contact  area.    Only  by  this 


•Exrerpt  from  mo  article  by  Spencer  Hoath,  president  of   the  Auiencau  PtopvWx  «Lt^^ 
Manufseturiag  Caapmay,  ih  Aerial  Age. 
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method  is  it  possible  to  make  the  blades  of  the  same  propdle 
uniform  in  respect  to  weight,  grain,  texture,  and  yielding  of  th 
wood  under  stress. 

When  the  separate  laminations  have  been  prepared  an 
surfaced  to  the  required  thickness,  they  are  slightly  roughened  b 
tooth  planing  to  give  the  glue  a  better  hold,  warmed  over  stea. 
coils,  and  assembled  with  high-grade  hide-stock  glue.  The  enti 
gluing  process  is  carried  on  in  a  room  maintained  at  100**  F.,  aJ 
after  the  clamps  have  been  put  in  place  the  propeller  is  alloi* 
to  season  for  eighteen  to  twenty-four  hours  before  being  touch< 
On  removing  the  clamps,  the  center  hole  for  the  hub  is  rouj 
bored  approximately  to  size  and  the  propeller  is  hung  up  for  1 
days  to  dry  thoroughly. 

Machining  Propeller.  The  rough  blank,  on  which  the  oi 
machine  work  so  far  has  been  the  boring  of  the  center  hole, 
put  through  a  machine  which  at  one  operation  faces  the  hub 
both  sides  and  reams  out  the  central  hole  to  finish  size.  Af 
being  faced  and  bored,  the  propeller  is  outlined  in  a  machine  tl 
profiles  the  hub  and  edges  of  the  blades  to  exact  size  and  shg 
by  means  of  a  rotary  cutter  following  a  form  which  has  the  p 
cise  outline  of  the  blades. 

From  the  outlining  machine  the  propeller  progresses  to  one 
the  duplicators.  This  is  a  machine  in  which  the  work  is  clamp 
in  definite  relation  to  a  rigid  fixed  form,  or  master  pattern,  havi 
exactly  the  same  shape  as  the  blades,  the  machine  itself  bei 
a  development  of  the  ax-handle  lathe.  On  the  carriage  of  1 
machine  there  is  a  roller  which  traverses  the  surface  of  the  mas' 
pattern  and  in  doing  so  guides  a  high-speed  cutter  in  such 
manner  as  to  remove  practically  all  the  surplus  w^ood  from  t 
rough  propeller.  The  carriage  is  self-feeding  and  self-reversi 
and  the  bed  and  other  parts  of  the  machine,  including  the  masi 
pattern,  are  made  duplex  in  order  to  secure  continuous  operati 
of  the  cutter,  the  work  being  removed  and  renewed  at  each  e 
of  the  machine  in  turn  while  the  carriage  is  ooerating  uninti 
ruptedly  at  the  other  end. 

Finishing  Processes,    After  having  been  cut  to  represent 
replica  of  the  master  pattern,  the  propeller  is  again  set  aside 
dry  for  a  few  days  and  is  t\ieii  catel\3i!iV>j  ^v«\^q«^  ^\A  V^aiauc 


AERIAL   PROPELLER  3:^ 

by  hand.     It   next   receives   its   final   machine   treatment   in   the 
^  ^     Sander— a  machine  that  sandpapers  it  all  over  in  a  fraction  of  the 
time  required  to  do  so  by  hand.    It  is  then  subjected  to  a  careful 
inspection   to   detect   any   defects   in   the   material   and   joining, 
besides  which  it  is  examined  closely  for  balance,  pitch,  hub  dimen- 
sions, and  tracking  of  blades,  the  inspection  being  an  elaborate 
process  involving  the  use  of  a  number  of  special  appliances.     If 
passed  as  perfect,  it  is  given  successive  coats  of  wood  filler,  primer, 
and  high-test  waterproof  spar  varnish.    In  some  cases,  the  U.S. 
Anny  specifications  call  for  five  coats  of  hot  linseed  oil  and  a  final 
'ebbing  with  prepared  wax.     During  the  entire  varnishing  proces.;, 
the  propeller  is  kept  carefully  balanced  on  a  steel  mandrel  resting 
on    sensitive  parallel  ways.    Withput  this  precaution,   very   few 
P'^pellers  could  pass  final  inspection,  as  more  or  less  varnish  on 
^^^  blade  as  compared  with  the  other  would  disturb  its  nicety 
0'    balance. 

On  final  inspection,  the  most  painstaking  attention  is  given  to 

^V'erj'  detail.    The  balance  must  be  absolutely  perfect  in  all  positions, 

^^    blades  must  track  within  0.03  inch,  while  the  pitch  of  the 

"'^des,  checked  at  three  points,  must  not  vary  from  the  standard 

^oi'e  than  2  per  cent,  nor  from  each  other  by  more  than  1  per 

^^t:.    These  limits  are  only  to  allow  for  possible  changes  in  the 

^'c>c>d  during  the  finishing  proc^ess  after  inspection  in  the  white. 

Three-  and  Four-Blade  Propellers.    This  description,  of  course, 

*I^P>lies  entirely  to  the  manufacture  of  the  standard  two-blade  pro- 

P^H^rs.    For  high-powered  machines,  in  which  there  is  a  restricted 

"^^Xneter  of  propeller  in  proportion  to  the  power  applied,  three-  or 

^^^^i'-blade  propellers  are  employed.    With  the  exception  of  the  hub, 

^'^^ir  construction  is  similar  to  that  already  outlined  for  the  two- 

^l^^de  type.    The  three-blade  type,  in  particular,  is  noted  for  tlie 

P^uliar  joining  and  fitting  of  the  ends  of  the  laminations  where 

^^y  form  the  hub,  the  material  being  so  disposed  as  to  direction 

^^  grain  that  it  makes  the  hub  unusually  strong.     However,  for 

^i^ining  and  all  ordinary  work  on  machines  where  a  propeller  of 

Sufficient  diameter  can  be  swung  the  two-blade  type  is  preferred. 
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OF  AEROPLANES 


METHODS  OF   DESIGN 

Scope  of  Discussion.  In  work  of  this  charac*ter,  in  which  the 
chief  object  is  to  give  a  comprehensive  survey  of  tlie  art  of  aviation 
from  the  popular  rather  than  the  highly  technical  viewpoint,  no 
single  subdivision  can  be  dealt  with  fully  nor  is  it  possible  to  give 
complete  data  covering  any  single  essential.  Moreover,  it  is  out 
of  the  question  to  attempt  to  record  data  regarding  whicli  there 
^iU  be  general  agreement  as  to  its  accuracy.  The  science  of  avia- 
tion is  yet  in  its  infancy,  so  that  attempts  at  standardization  are 

• 

just  being  undertaken,  while,  on  the  other  hand,  it  is  making  such 
'^pid  strides  that  it  is  difficult  to  keep  pace  with  them.  The 
PJ^sent  section  is  accordingly  merely  an  outline  of  methods  of 
design  that  will  give  the  stuclent  an  idea  of  the  factors  involved  in 
^^roplane  design  and  the  manner  in  which  they  are  applied,  rather 
^n  a  complete  analysis  of  the  subject  with  accurately  \'crified 
dftta  covering  every  point. 

m  _ 

General  Principles.  Regardless  of  its  ])articular  ty|M\  the 
^^oplane  to  be  designed  is  a  machine  capable  of  lifting  itself  and 
^  certain  useful  load.  It  must  accordingly  have:  first,  lifting  surfaces 
iisually  termed  wings,  the  wing  member  complete  sometimes  being 
'^^^ired  to  as  an  aerofoil;  second,  a  body  for  the  seating  of  the 
PUot  and  the  passenger  or  other  load  and  to  which  the  wings 
^^^  attached;  third,  a  motor  for  propulsion;  fourth,  auxiliary 
^^aces  to  assist  in  lifting,  to  maintain  equilibrium  in  flying,  and 
^^  provide  methods  of  control;  fifth,  a  landing  gear  to  permit  the 
^iachine  to  run  on  the  ground  before  taking  to  the  air  and  to 
^^e  the  shock  of  alighting;  sixth,  tanks  for  fuel  and  lubricant  for 
the  motor;  seventh,  a  propeller  directly  driven  by  the  motor;  and 
Eighth,  braces,  struts,  and  fastenings  by  means  of  which  the  mterre- 
iated  parts  are  held  together  in  the  proper  relation  whew  vi^^i\W>VdL. 
As  none  of  these  eaaentials  can  be  dispensed  with  and  tVve  mae\\\v\^ 
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^ 

^ 


still  be  practicable,  the  order  in  which  they  are  mentioned  is  i^ 
that  of  their  relative  importance,  but  rather  about  the  order  ^ 
which  they  would  be  built  if  but  a  single  aeroplane  were  und^ 
construction. 

In  Figs.  1,  2,  and  3,  respectively,  the  three  most  generall/" 
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Fiff.  1.     Elevation  nnd  Plan  of  T)^)!^!  Tractor  Monoplftne 

employed  t^^x^s,  the  tractor  monoplane,  the  tractor  biplane,  and  the 
pusher  biplane,  are  illustrated  and  their  essentials  are  identified. 
Special  Requirements.  The  requirements  of  an  aeroplane  given 
constitute  simply  the  essentials  of  any  heavier-tban-air  machine 
capable  of  lifting  itself  and  a  load  from  the  ground  iand  flyii^ 
through  the  air.     But  in  ])\auu\i\g  aw  a^to^V^w^^  the  object  is  not 
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fit.  3.     7^«I  Piuhcr  Biplane 
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merely  to  design  a  machine  that  will  fly;  it  must  be  capable  <rf 
fulfilling  certain  conditions;  for  example,  it  must  climb  very 
rapidly  and  fly  at  a  high  speed  with  a  pilot  and  an  observer  for  a 
certain  number  of  hours  without  the  necessity  of  refilling  its  tanks; 
or  it  must  carry  a  greater  load,  Isuch  as  bombs  or  machine  guns 
and  ammunition,  which  necessitates  lower  climbing  and  flying 
speeds  and  a  more  restricted  radius.  The  first  aeroplane  might  be 
either  a  high-speed  scout  or  a  reconnoissance  machine,  while  the 
second  might  be  either  a  bombing  or  a  battle  plane.  This  phase 
of  the  subject  is  dealt  with  later. 

Forces  Acting  on  Aeroplane.  In  order  to  be  able  to  design  a 
machine  that  will  lift  a  certain  weight  and  propel  it  tlirough  the 
air  at  a  given  speed,  it  is  first  necessary  to  know  what  forces  must 
be  overcome  to  accomplish  tliis.  There  are  four  forces  acting  upon 
an  aeroplane  in  flight: 

First,  the  total  weight  W  of  the  machine  and  futJ.  load,  and 
the  like,  acting  vertically  downward  through  its  center  of  gravity, 
referred  to  as  its  e.g. 

Srco7}dy  the  lifting  power  available  to  overcome  the  force  of 
gravity,  known  as  the  aerodynaniie  lift  L,  resulting  from  the  action 
of  the  air  vertically  upward  on  the  wings  and  on  the  auxiliary 
supporting  surfaces  (tail  and  elevators)  through  the  <'enter  of  pres- 
sure, referred  to  as  its  c.p. 

Third y  the  total  force  opposing  its  travel  through  the  air, 
termed  the  air,  or  head,  resistance  /?,  which  acts  in  a  direction 
j)arallel  to  the  movement  of  the  machine  through  the  center  of 
resistance,  referred  to  as  its  c.r. 

Fourth,  the  driving  force,  or  propeller  thrust  T,  which  acts 
through  the  center  of  thrust,  referred  to  as  its  c.t. 

To  analyze  these  forces,  a  tyjjical  aeroplane  having  a  total 
weight  \V  and  traveling  at  a  uniform  sjx^ed  V,  Fig.  4,  may  be 
assumed.*  The  forces  acting  upon  this  machine  are  those  just 
given.  For  the  maintenance  of  straight  horizontal  flight,  it  is  ob\ious 
that  at  the  speed  V  the  total  lift  L  of  the  machine  must  equal 
its  total  weight  W  and  that  the  i)ropeller  thrust  T  must  equal  its 
total  resistance  R,    When,  as  is  usually  the  case,  the  c.r.  does  not 


*Excvrpta  from  a  paper  by  F.  S.  Barn-wcU,  read  before  the  Engineerinc  Society  fl* 
Oluagow  Vnivonity  and  publisihed  in  The  Aeroplane,  liOtvdoiv. 
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oincidl' with- the  ct.,  the  e.g.  of  the  whole  machme  must  be  such 
» distance  forward  of  the  c.p.,  if  the  thrust  be  less  than  the  head 
esistance,  or  back  of  the  c.p.,  if  the  thrust  exceed  the  head 
esistance,  that  the  weight-lift  couple  is  equal  to  and  of  opposite 
ign  to  the  thrust-head  resistance  couple.  In  an  ideal  design,  the 
hrust,  head  resistance,  and  lift  should  all  pass  through  the  e.g. 
lie  and  they  generally  do  so  approximately.  If  it  is  impossible 
3  attain  this,  it  is  preferable  that  the  thrust  be  kept  as  nearly  as 
ossible  through  the  e.g.  or  slightly  below  it  and  the  head  resist- 
nce  be  kept  above  the  thrust,  no  great  divergence  in  either  case 
eing  permissible. 

Since,  in  a  preliminary  design,'  the  machine  is  always  con- 
dered  as  fully  loaded,  the  total  weight  W  for  the  aeroplane  is  a 


Fig.  4.     Forces  Acting  upon  an  Aeroplane 

instant.  The  total  lift  LT  is  the  sum  of  several  forces,  all  of 
^'luch  vary  according  to  the  angle  of  the  machine  to  its  path  of 
flight  and  also  vary  approximately  as  the  square  of  the  speed; 
it  may  be  considered  as  comprising  the  lift  L^  of  the  wings,  the 
vertical  reaction  L^  on  the  body  of  the  machine,  and  the  vertical 
faction  Li  on  the  tail  of  the  machine.  The  term  *'lift'*  is  used 
^niy  in  connection  with  the  wing  surfaces  since  the  reaction  on 
^ne  or  the  other  or  both  of  the  other  members  may  be  a  down- 
^*^  force.  The  thrust  of  the  propeller  depends  upon  the  power  of 
he  Uaotor  driving  it,  the  number  of  revolutions  r  per  second  of  the 
^tter,  its  efficiency  E,  and  the  speed  V  of  flight.  This  is  dis- 
^ssed  in  detail  later. 

The  total  head  resistance  RT  may  be  considered  as  the  sum 
f  the  horizontal  reactions  upon  the  wings  ii^  (usually  teim^d 
yxiamic  resistance,  or  drift),  the  body  Bi,,  the  landing  gear  Rg,  atvdi 
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the  tail   Rt.     The  total  head  resistance  less  the  dynamic 
resistance  is  the  residual  resistance  Rf. 


WINQ  DESIGN 

Lift  and  Drift  Coefficients.  In  designing  an  aeroplane,  it  ii 
necessary  at  each  point  to  refer  to  recorded  data  covering  the 
results  obtained  from  certain  forms  and  to  calculate,  with  tiiii 
information  as  a  base,  the  results  to  be  obtained  from  memba? 
given  dimensions  and  types  of  construction.  Data  for  wings 
founded  entirely  on  experimental  investigations  in  aerod; 
laboratories,  the  method  generally  employed  being  to  suspend  i 
model  in  a  steady  current  of  air  of  known  direction  and  velocityi 
the  reactions  and  moments  upon  the  model  being  measured  hf\ 
means  of  a  suitable  balance.     (See  the  description  of  the  ap 


p^^^^s^sps^ 


c 


AIQ 


m^^j__ ijaEEiQ 


Fig.  5.     Force8  Acting  upon  a  Wing  Moving  at  Uniform 

Velocity  in  Still  Air 

and  methods  used  at  the  EiflFel  and  other  laboratories  under 
Experimental  Researches  on  Resistance  of  Air,  "Theory  of  Avii- 
tion'*.  Part  I.)  The  results  to  be  obtained  from  the  wings  and 
an  estimate  of  the  weight  of  the  other  members  of  the  machine 
must  be  computed. 

An  aeroplane  wing  moving  at  a  uniform  velocity  in  still  tf 
or,  what  is  equivalent  as  regards  the  air  reactions  upon  the  winft 
stationary  in  a  steady  current  is  accordingly  considered,  Fig.  5* 
The  area  in  square  feet  is  denoted  by  A;  the  angle  in  degrees » 
the  chord  of  the  wing  section  to  the  relative  air  current  (angle  d 
incidence),  by  i;  and  the  relative  air  velocity  in  feet  per  second 
by  V.  There  is,  of  course,  a  total  resultant  reaction  il,.  upon  tl« 
wing,  which  it  is  most  convenient  to  measure  and  consider  «8 
tJje  sum  of  two  reactions,  one  L^  ve;T\ka!L  "Vx^/tte  direction  of  tw 
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or  the  lift,  and  the  other  R^  along  the  air  current, 
dynamic  resistance,  or  drift.  For  convenience  in  vary- 
7,  these  forces  are  usually  tabulated  for  different  values 

fonn  of  coefficients.    Then 

L,=  KyAV*  in  lb.  weight 

R.  =  KxA  I'*  in  lb.  weight 
^efficients  of  lift  and  drift   Ky  and   Kx  are  approxi- 
.tant  for  sunilar  wings  and  for  the  same  value  of  i  for 
;  A  and  V.    Wing  data  is  accordingly  based  on  experi- 
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etermined  values,  at  different  values  of  i,  for  the  coeffi- 
and  Kx  and  for  tlie  position  of  c.p.,  or  intersection  of 
f  the  total  resultant  reaction    Rj.  with  the  chord   for 


iting  Aerodynamic  Properties.  A  convenient  method  of 
the  aerodynamic  properties  of  wings  is  suggested  by 
of  the  paper,  that  is,  to  make  a  standard  tracing  fur 
1  for  ^hich  reliable  data  is  ot>taiiicd.  Fig.  G.  On  each 
beets  and  in  the  same  position  is  drawn  an  &cc\iia\je 
la  of  the  wing  of  the  model  with  a  standaid  cVoxA. 


8  DESIGN  AND  CONSTRUCTION 

length  of,  say,  10  inches.  On  each  sheet  and  in  the  same  p( 
is  also  drawn  a  standard  squared  table  for  the  wing  cur 
Ky,  Kxy  and  the  locus  of  the  c.p.  with  a  selected  base  val 
i  of  i  inch  for  each  degree  and  with  ordinate  values  fo 
Ky  and  Kxy  §  inch  representing  0.0001  of  Ky  and  2  inches 
of  Kx  value.  The  abscissa  values  should  range  from  —6  ( 
to  +30  degrees  for  i,  and  the  ordinate  values,  from  0  to 
of  Ky  value,  making  a  standard  table  18  inches  long  i 
inches  high.  On  this  table,  1  inch  of  ordinate  value  repre« 
distance  of  the  c.p.  from  the  leading  edge  of  the  wing  of 

the  chord.    On  this  same  table,  a  fourth  curve  is  drawn  of 

-rTTy  value  on  a  base  of  Ky  value,  h  inch  of  ordinate  value 
drift 

senting  unity  for  -rrr  value  and  1  inch  of  abscissa  value  rep 

drift 

ing  0.0001  of   Ky  value.     By  superposing  the  sheets,  any 

wing  forms  can  be  compared  directly.     The  sections  and 

then  lie  one  over  the  other  and   it  is  easy  to  determine 

gives  the  best  Ky  value,  or  lift  coefficient,  at  any  value  of 

lowest  Kx,  or  drift  coefficient,  at  any  value  of  i;  the  least 

of  the  center  of  pressure  at  anv  value  of  i;  and  the  highest 

lift 
for  -rrr  for  anv  value  of  the  lift  coefficient.     To  make  the  co 
drift 

son  effective,  the  tables  should  naturally  be  for  models  all 

the  same  plan  form,  that  is,  the  same  proportion  of  span  to 

or  aspect  ratio,   and  having  the  same  form  of  wing  ends. 

National  Physical  Laboratory  (Great  Britain)  generally  emp 

standard  rectangular  plan  form  of  18-inch  span  and  3-inch 

or  an  aspect  ratio  of  6.     To  insure  a  safe  comparison,  the 

cient  values  should  also  be  for  the  same  sized  model  at  the 

speed. 

Variation  of  Lift  and  Drift  Coefficients.    It  has  alread'' 

stated  that  the  lift   and   the   drift  coefficients  are  constan 

varying  values  of  both  A  and    ('  (area  and  speed),  but  thi 

not  hold  good  under  all  conditions.     The  Ky,  or  lift  coefficien 

been  found  by  experiment  to  be  fairly  constant  for  widely  v 

values  of  A  and   V  and  may  aecoTcV\\\^>j  V>vi  ev^m\4fc\«d  83 
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VARIATION  OF  LIFT/DQIFT  WITH LV 
L'  LFN6W  OF  CtlOQO  IN  FFLT 
y=  VLLQCHY  IN  FFFT  PFR  SECOND 

Fig.  7.     Lift-Drift  Values  E8tablibhf<i  by 
National  Luburatury  (Great  Britain) 


Consequently,   model    Ky   values   inay    he    used   directly   for   the 
calculations  for  full  size  machines,  any  error  probably  being  on 
the  safe  side.    But  the  Kx,  or  drift  coefficient,  decreases  slightly 
as  A  increases  and  also  decreases  considerably  as    I'  increases. 
JVom  this,  it  is  evident  that  the  drift  coefficient  of  the  full  size 
wing  members  will  be  less  than  that  of  the  model,  and  it  is  also 
difficult    to    determine    as 
accurately   as    is    desirable 
just  what  this  faictor   will 
be  for  the  full  size  machine, 
particularly  if  it  be  of  the 
high-speed  t>T>e. 

It  is  probable  that  this 
diflFerence  is  due  to  that 
part  of  the  total  reaction 
caused  by  skin  friction,  the 
comiponent  of  which  is  small 
in  the  direction  of  lift  but  large  in  the  direction  of  drift,  while 
it  is  known  that  the  skin  friction  coefficient  increases  both 
with  the  increase  of  A  and  with  the  increase  of  V^,  For  this 
purpose,  it  is  accordingly  advisable  to  employ  the  values  recorded 
by  the  National  Physical  Laboratory,  Fig.  7.  In  this  diagram, 
there  are  shown  for  several  different  values  of  i  curves  of  lift-drift 
on  a  base  of  log  LV,  where  I.  is  the  length  of  the  chord  in  feet, 
and  V  is  the  velocity  in  feet  jxjr  second.  By  using  this  diagram 
fairly  accurate  results  for  a  full  size  aerofoil  at  any  speed  can  be 
obtained  from  model  figures. 

Effect  of  Plan  Form.  It  is  next  necessary  to  consider  the  eflect 
of  plan  form.  Fig.  8,  and  for  this  purpose  it  is  assumed  that  th(»  plan 
form  of  the  wings  is  to  be  rectangular  (shown  in  the  upper  figure), 
the  only  variation  being  made  in  the  aspect  ratio.  Tabic  I  gives 
lift-coefficient  values  and  lift-to-drift  values  for  an  aerofoil  of 
constant  section  and  of  an  aspect  ratio  varying  from  .'>  to  1  to  8 
to  1  at  values  of  i  ranging  from  —2  degrees  to  +20  degrees.  The 
author  suggests  using  this  table  comparatively,  tliat  is,  a,ssume 
that  figures  are  known  for  a  model  of  0  to  1  asjH^ct  ratio  and  it  is 
desired  to  calculate  its  properties  for  some  other  aspect  ia\\o,  W 
instance,  4  to  1;  it  may  then  be  taken  for  granted  t\\at  t\v^  \v\\\\vs 
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Fig.  8.     Plans  of  Rectangular  and 
Raked  Wings 


for  the  aspect  ratio  4  to  1  will  be  to  the  correspondir 
for  the  ratio  6  to  1  as  the  values  in  this  table  for  4  to 
those  for  6  to  1. 

From  experimental  investigations  it  has  been  show 
slight  increase  in  efficiency  is  obtained  by  raking  the  en( 
wings  slightly,  making  the  trailing  edge  longer  than  th< 
edge,  as  shown  in  the  lower  plan,  Fig.  8.  The  reason  f( 
that  such  a  formation  decreases  the  end  losses,  and  it  is 

that  the  lower  the  asj 
the  more  the  ends  she 
This  theory  cannot  b 
out  in  practice,  since 
sive  rake  would  prevei 
ing  the  best  distril 
stay  attachments  al( 
the  front  and  the  n 
of  the  wings.  The 
values  taken  by  the  a 
30  degrees  rake  for 
aspect  ratio,  25  degrees  for  5  to  1,  and  20  degrees  for  6  i 
far  as  strength  is  concerned,  it  is  advantageous  to  taper  1 
from  root  to  tip,  but,  as  this  involves  a  structure  con 
more  difficult  and  costly  to  make,  it  is  hardly  justified. 

Choice  of  Aspect  Ratio.  For  the  same  area  of  sur 
lower  the  aspect  ratio,  the  greater  is  the  strength  of  the 
the  same  weight  or  the  lighter  its  weight  for  the  same 
but  the  lower  is  the  maximum  lift-to-drift  value  and  the  r 
value  for  lift.  The  efficiency  at  very  small  and  very  gre 
for  i  is  not  affected  much  by  a  change  in  aspect  ratio,  ; 
judging  from  Table  I,  it  appears  to  be  somewhat  bette 
lower  aspect  ratios.  But  it  must  also  be  borne  in  min 
low  aspect  ratio  is  not  so  good  for  either  lateral  or  d 
stability  as  a  high  one.  Taking  all  the  factors  into  consi 
an  aspect  ratio  of  5  to  1  is  suggested  for  monoplanes  a 
biplanes  and  of  6  to  1  to  7  to  1  for  large  biplanes. 

Models  of  different  spans  but  of  the   same  chord  8 

section,  the  latter  approximately  the  same  as  that  of  th 

XI  b^is,  the  chords  being  4  incVvea  awd  tl\e  aspect  ratios 
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TABLE  I 
Variations  of  Aspect  Ratio 


Value 
-2 

AsPBCT  Ratio 

atoi 

7tol 

6tol 

5tol 

4  to  1 

3  to  1 

Ky 

L 
D 

1.0 

Kv 

L 

D 

0.4 

Kv 

L 
D 

1.8 

Kv 

L 
D 

2.4 

Kv 

L 
D 

2.4 

Kv 

L 
D 

2.3 

0.028 

0.012 

0.044 

0.052 

0.055 

0.055 

0 

0.128 

6.1 

0.117 

5.2 

0.109 

5.2 

0.110 

5.5 

0.141 

6.7 

0.112 

5.0 

+2 

0.222 

11.1 

0.219 

11.2 

0.212 

10.7 

0.199 

10.2 

0.214 

9.5 

0.173 

7.7 

4 

0.298 

14.2 

0.300 

14.6 

0.289 

13.8 

0.283 

12.6 

0.289 

11.4 

0.246 

9.6 

6 

0.398 

15.5 

0,366 

14.9 

0.372 

13.4 

0.354 

12.5 

0.345 

11.1 

0.320 

10.1 

8 

0.487 

14.6 

0.447 

13.5 

0.469 

12.7 

0.430 

11.4 

0.423 

10.4 

0.389 

9.3 

10 

0.560 

13.3 

0.516 

12.7 

0.536 

11.5 

0.519 

10.5 

0.485 

9.6 

0.445 

9.0 

12 

0.636 

12.2 

0.598 

11.6 

0.612 

10.7 

0.595 

10.1 

0.546 

8.6 

0.516 

7.9 

14 

0.686 

10.9 

0.670 

10.3 

0.686 

9.9 

0.656 

9.2 

0.609 

8.3 

0.566 

7.1 

16 

0.685 

8.2 

0.680 

8.5 

0.686 

8.3 

0.685 

8.2 

0.673 

7.1 

0.619 

6.4 

18 

0.673 

5.6 

0.689 

5.4 

0.686 

5.7 

0.663 

5.8 

0.683 

5.8 

0.665 

5.8 

20    0.653 

3.9 

0.660 

4.0 

0.662 

3.9 

0.645 

3.8 

0.643 

3.8 

0.667 

4.4 

The  Ky  values  are  in  absolute  units;  to  convert  them  to  pound,  foot,  and  second  units. 
omHiply  them  by  0.00236. 

from  3  to  1  to  8  to  1,  tested  by  the  National  Physical  Laboratory, 
showed  that  the  angles  of  zero  lift  occur  earlier  as  the  aspect  ratio 
^lecreases;  also  that,  at  the  angles  of  maximum  lift-drift  ratio,  the 
lift  coefficients  are  only  affected  slightly  by  a  change  in  the  aspect 
^tio;  and  that  a  change  in  the  aspect  ratio  does  not  affect  the 
iDaximum  lift  coefficient  but  that  it  occurs  at  larger  angles  of  inci- 
dence with  smaller  aspect  ratios.  The  experiments  showed  tliat  the 
inost  important  effect  of  a  change  in  the  aspect  ratio  is  its  influ- 
ence on  the  values  of  the  maximum  lift-drift  ratios  obtained. 
From  Table  II,  which  gives  the  results  of  these  experiments,  it  is 
evident  that  the  lift-drift  ratio  increases  rapidly  with  the  aspect 
^tio,  this  effect  being  due  almost  entirely  to  the  reduction  in 
total  drift  which  occurs  with  the  larger  aspect  ratios. 

Effect  of  Qap  and  Stag;ger.  In  the  case  of  biplanes,  the  effect 
^f  variations  in  the  gap  between  the  wings  and  of  changes  in 
their  stagger  relations  may  be  considered.  Experiments  with 
Models  show  that  the  greater  the  gap  the  higher  the  efficiency, 
*iid  that  a  stagger  also  increases  the  efficiency  somewhat.  StTue- 
tural  limitations  naturaJJj^  restrict  the  extent  of  the  gap,  as  \\\eTevv,*s- 
'^  )t  involves  increasing  the  weight  and    head  resistance  oi  tV\e 
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TABLE  II 

Effect  of  Aspect  Ratio  upon  Maximum 
Lift-Drift  Values* 


Aspect 
Ratio 

Maximum 

lift-Drift 

Ratio 

Anple  of 

Incidence 

(deg.) 

lift 
Coefficient 

3 
4 
5 

6 
7 

10.1 
11.5 
12.9 
14.0 
15.1 

5.5 
4.7 
4.7 
4.5 

4.7 

0.305 
0.310 
0.312 
0.314 
0.315 

CnORD. 


W- 5TA66£fi'M 


CflOQD^ 


struts  and  stays,  so  that  a  compromise  is  necessary.  A  ga 
of  the  chord  for  small  high-powered  machines  of  the  hig 
type  and  a  gap  equal  to  the  chord  (width  of  the  wing)  foi 

machines  having  less  p< 
accordingly  suggested. 
The  increase  in  e 
obtained  by  staggeri 
wings  is  not  very  great 
and  its  adoption  incre; 
structural  difficulties, 
larly  if  the  method  of 
ing  lateral  control  is 
warping  the  wings,  a 
now  ])ractically  obsole* 
of  the  great  advant 
staggering  the  wings  is  that  it  permits  a  clear  view  down\ 
the  observer,  a  consideration  that  is  naturally  of  prime  imj 
in  a  military  machine.  The  adoption  of  this  feature  dep 
some  extent  upon  the  design  of  the  body,  that  is,  the  dis 
of  the  pilot  and  the  observer,  and,  if  a  heavy  stagger  ij 
sary,  lateral  stability  must  be  obtained  by  the  use  of  ailer 
not  by  warping  the  wings. 

WEIGHT  OF   PARTS 

Weight  of  Wings.  Having  the  data  for  the  aeroc 
properties  of  model  aerofoils  and  knowing  tlie  method  of  a 
them  to  the  calculations  for  wings  of  working  size,  the  nexl 

*Froai   "Design  of  Aeroplanes",  by  A.  W.  3vid&c. 


Fig.  9.     Gap  and  Stapfror  of  Wings  of  Biplane 
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to  consider  the  weight  of  the  wings  as  a  structure.    The  wings  must 
not  only  lift  their  own  weight  but  also  that  of  the  rest  of  the  machine. 
Similar  structures  will  bear  the  same  ultimate  load  per  unit  area, 
which  means  in  the  present  case  that  similar  wings  will  have  the 
same  factor  of  safety  for  the  same  value  of  loading  in  pounds  per 
square  foot.    Taking  basic  figures  from  aeroplanes  giving  satis- 
factory service  in  actual  use,  it  may  be  assumed  that  a  wing  of 
100  square  feet  surface  may  be  constructed  to  weigh  70  pounds    • 
and  to  stand  5.7  pounds  per  square  foot  total  loading  with  the 
necessary  margin  of  safety.    The  figure  0.7  pound  for  the  weight  of 
1  square  foot  of  wing  surface  includes  the  weight  of  the  stays  for  a 
monoplane  and  of  the  stays  and  the  struts  for  a  biplane.    The 
wing  is  considered  as  being  stressed  only  by  the  useful  loading, 
or  the  total  weight  of  the  machine  minus  the  weight  of  the  wing 
itself,  since  in  flight  it  is  stressed  only  by  the  lift  it  exerts  over 
and  above  its  own  weight.    It  may  be  assumed  that  since  the 
;  weight  of  similar  wings  varies  as  the  cube  of  the  length  of  the 
Aord  in  feet  and  the  surface  as  the  square  of  the  chord  length, 
the  weight  per  square  foot  will  vary  as  the  square  root  of  the 
total  surface  for  the  same  useful  loading  per  square  foot.    On 
"lese  assumptions,  for  a  total  surface  of  100  square  feet,  the  weight 
™  be  0.7  pound  for  5  pounds  per  square  foot  of  useful  loading, 
out,  for  a  total  surface  of  400  square  feet,  it  will  be  1.4  pounds 
'or  the  same  useful  load.     This  is  one  of   the  basic  facts  that 
^"^cts  the   building   of   large   machines,    since   the    larger   the 
'l^ine,  the  greater  must  be  the  weight  of  the  wings  in  propor- 
^^^  to  the  useful  load.    However,  the  statement  just  made  does  not 
^'^^  into  account  the  improvement  in  the  structure,  and,  the  larger 
^^  machine,  the  better  opportunity  there  is  for  this.     It  may  also 
^  Assumed  that  for  wings  of  the  same  total  area,  within  the  limits 
Useful  loading  which  it  is  desirable  to  employ,  the  weight  IV 
'^  square  foot  varies  directly  as  the  useful  loading  per  square  foot 
'^  the  same  strength. 

From  the  foregoing  it  is  evident  that  if  JVT  is  the  total 
'^ght  of  the  machine,  ]V  the  weight  of  1  square  foot  of  wing 
"^^ce,  A  the  area  in  square  feet,  and  L  the  length  in  feet  of 

WT 
^  chord,  then  WA  equals  the  weight  of  the  wing;  — r-  ec^^^ 
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total  weight  of  machine        ^|_  x  x  i  i     j«       •  j 

^—z — ; ,  or  the  mean  total  loadmg  m  pounds  per 

area  of  wmgs 

WT 
square  foot;  and  — - — W  equals  the  useful  loading  in  pounds  per 

A 

WT 
square  foot,  or  the  load  for  stress.    If  —7 — W  is  constant,  then 

A 

for  the  same  strength 

WAocU,  or  AocL\  or  WocL,  or  Wocy/A 
or 

W=  K,Va  (1) 

For  wings  of  the  same  strength  and  the  same  area 

WT 
K^oc^l^-W  (2) 

WT  .  .  WT 

If  — 7-  is  5.7  pounds;  IF,  0.7  pound;  — - — W,  '>  pounds;  and  A, 
A  A 

100  square   feet,   as   given   on   the   preceding    page,    substituting 

these  values  in   equation   (I)   and  solving  for    A^  results   in  the 

equation 

A'i  =  0.07 

WT 

By  substituting  in  (2)  it  is  found  that  the  ratio  of  A'l  to W 

A. 

is  0.014  and  therefore  (2)  becomes 


Ai  =  0.014(  -p-ir 


Hence  from   (I) 


n'  =  ().()14  0^^-w\VA  lb.  per  sq.  ft. 

which  is  the  equation  for  the  weight  per  square  foot  of  the  \iings 
in  terms  of  total  wing  area  and  total  weight  of  the  aeroplane. 

It  is  next  necessary  to  obtain  the  weight  of  the  remaining 
parts,  namely,  the  tail  unit,  the  body  and  seating  and  the  controls; 
and  the  landing  gear  complete. 

Weight  of  Tail  Unit.    Generally  speaking,  the  size  of  the  tail 

unit,  that  is,  the  tail  plane,  the  elevators,  the  rudder,  and  the 

vertical  Gn,   if  used,   varies  directly  as  the  size  of  the  wings, 

approximately  constant  proportions  lot  \5[ve  \xv^^\xv^Wvci^  assumed. 
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It  is  accordingly  suggested  that  the  necessary  weight  Wt  of  the  tail 
plane,  the  elevators,  the.  rudder,  and  the  fin  be  taken  as  a  propor- 
tion of  the  total  weight  of  the  wings,  and  a  fair  proportion  is  i, 
which  gives  the  equation 

5 

Weight  of  Body.  The  weight  W^,  of  the  body  depends  in  part 
upon  the  number  of  people  the  aeroplane  is  to  carry.  A  sufiiciently 
strong  body  of  wood  and  wire  of  the  girder  type,  fabric  covered, 
with  a  length  of  about  20  feet  and  a  mean  breadth  and  depth 
of  2  feet,  can  be  made  with  a  weight  of  about  90  pounds,  that  is, 
if  Z  is  20  feet  and  b  and  d  are  2  feet  each,  then  Wi,  is  90  pounds. 
Since  in  such  a  structure  the  struts,  generally  speaking,  are  very 
strong  compared  to  the  fore  and  aft  members  for  the  kind  of 
stresses  to  which  it  is  subjected,  it  may  be  assumed  that  the 
weight  will  vary  directly  as  the  breadth  and  depth  but  as  the  square 
of  the  length.    Hence,  the  equation  for  the  weight   of  the  body 

Wb=0m7Pbdinlh. 

So  far  as  the  equipment  of  the  body  is  concerned,  the  seating  is 
approximately  10  pounds  per  person  and  the  weight  of  the  control 
mechanism  ranges  from  30  to  50  pounds,  depending  upon  the  type 
employed. 

Weight  of  Landing  Qear.  The  last  remaining  item  is  the 
weight  Wg  of  the  landing  gear  which  may  be  considered  as  var;ydng 
directly  as  the  total  loaded  weight  WT  of  the  machine,  a  reason- 
able assumption  for  the  weight  of  this  member,  including  the 
weight  of  the  tail  skid,  being  iV  of  the  total  loaded  weight. 
Therefore 

Wg^4r^'T 

14 

For  an  average  landing  gear  and  tail  skid,  the  weight  of  the  latter 
alone  may  be  considered  as  representing  ^  the  total  weight  W,j 
of  the  landing  gear. 

Weight  of  Motor.  The  motor  is  naturally  the  most  important 
and  the  heaviest  single  item  as  well  as  the  most  expensive,  and, 
in  addition  to  its  own  weight,  it  must  be  properly  movvut^d,  cookA, 
and  supplied  with  fuel  and  lubricant.    To  aid  in  the  se\ee\Aotv  ol 


oos 
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a  suitable  motor,  it  is  both  useful  and  convenient  to  prepare  I 
table  giving  the  characteristics  of  a  number  of  well-known  malU 
and  thus  rendering  direct  comparison  easy,  Table  111.    The  fi 
column  gives  the  name  and  the  type  of  the  motor;  the  s 
the  maximum  brake  horsepower  (b.h.p.);  the  third,  the  revolution 
per  second   (r.p.s.)  at  this  power;  the  fourtli,  the  weight  of  tl 
motor  complete  in  pounds,  including  the  carbureter,  the  magneto 
the  piping,  and  tlie  radiator  with  water,  if  water-coolwj ;  the  fifllj 
the  consumption  of  fuel  in  gallons  per  hour  at  full  normal  pow« 
the  sixth,  the  same  for  lubricant;  the  seventh,  the  weight  of  a 
able  mounting  and   shields,   or  cowling:  while  the   eighth, 
tenth,  eleventh,  and  twelfth  columns  give  the  total  weights  of  tl 
complete  motor,  including  its  mounting,  propeller,  cowling,  g 
lubricating  oil,  and  tanks,  for  2,  4,  6,  8,  and  10  hours,  respecdvB 
running  at  full  normal  power. 

The  figures  in  Table  III  were  obtained  from  various  sount 
the  weight  of  the  motor  complete  as  well  as  the  power,  tlir  res- 
olutions   per   second,    and    the    fuel    and    oil    consiunption  bdngi 
giyen  by  the  manufacturers.     The  weight  of  the  mounting  vaiit* 
with  the  type  of  engine  and  with  the  fuselage  design.     The  engint 
plate  for  a  fixed  radial  type  (stationary)  of  from  40  to  70  li-p. 
weighs  from   10  to  20  pounds,  including  the  struts,  bracing,  i 
bolts,  and  that  for  a  mtary  radial  type  weighs   from   15  to  3 
pounds,  the  weight  increasing  approximately  as  the  square  root  d 
the  power  of  the  motor.    The  weight  of  the  mounting  may  I 
be  deduced  from  tlie  weights  of  well-known  types  that  t 
to  give  satisfactory  ser\'ice  and  on  comparing  a  number  of  i 
it  is  evident  that  it  is  safe  to  assume  that  the  weight  of  the  n 
ing  varies  Hirectl;'  as  the  weight  of  the  complete  motor.     In  ti 
present   case,   it   is   taken   as  I'n   the  weight  of  the  motor  forS 
stationary  type  and   \  for  a  rotary  tj-pe.    Judge,  in   "Design  \ 
Aeroplanes",  gives  as  approximate  proportions  for  the  weight  I 
the  engine  mounting  ]'f  for  stationarj'  tjpes  and  J  for  rotary  t] 

Air'Coolfd  m.  Watrr-Coi^hd  F.ngineit.     From  the  engine  t 
given  in  Table  III,  it  will  be  noted  that  there  is  a  great  dlffen 
between  tlie  air-cooled  unti  water-cooleti  types,  but  it  must  I 
horae  in   mind  tliat  tlicir   fuel   and  oil   consumption   also  i 
niarkedly.    Kor    short    fl\g\\ls,   tW    &\T-cr«Vwi  eapne    shows  I 
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TABLE  III 
Motor  Characteristics 


iKi  Type 

J 

1 

2,3 

Is 

1 

i 

Wkiout  or  Motob,  Fcel. 

2  b,. 

iht. 

8hr 

Sht. 

,0. 

T 

3« 

a> 

170 

S.0 

>.o 

all 

349 

458 

see 

670 

7») 

IT 

«e 

30 

310 

7,6 

1.7 

M 

.» 

as4 

SM 

874 

1 144 

iHOU. 

*8 

30 

J» 

to.o 

a.o 

83 

Ml 

871 

1091 

1311 

1S31 

tUionc 

BS 

» 

». 

8.S 

... 

68 

^fl 

726 

nofl 

ISM 

Mult 

72 

30 

.» 

7,0 

1.0 

« 

"* 

„. 

1C06 

.180 

imro-Duniln- 

UO 

10 

«00 

fl.5 

0,6 

80 

B93 

1070 

1604 

nlon-UnnS 

85 

ii 

AM 

7.6 

*.S 

flfl 

^ 

m 

078 

t3tt4 

J».o-,-Vn-rf 

SCO 

31 

«« 

16,0 

1,0 

ISO 

1363 

"" 

1063 

2383 

3562 

■g  in  weight,  despite  its  much  greater  fuel  consumption, 
long  flights  the  fuel  economy  of  the  water-cooled  engine 
a  saving  in  the  total  power-iinit  freight  to  be  effected, 
lie  despite  the  great  additional  weight  of  the  radiator  and 
[its.  The  weight  of  the  cooling  water  necessary  is  figured 
pound  per  brake  horsepower  for  very  large  and  powerful 
0  0.5  pound  per  brake  horsepower  for  small  water-cooled 
In  Table  III  all  these  factors  have  been  included  in  the 
ven,  so  that  from  these  figures  the  total  weight  of  any 
ant  within  the  range  under  consideration  in  the  present 
may  be  determined. 

'Jtit  of  Cowling  and  Tanks.  Most  authorities  are  agreed 
weight  of  the  cowling  varies  as  the  scjiiarc  root  of  the 
er  of  the  motor  for  stationary  motors  and  as  twice  the 
ot  for  rotary  types.  Thus,  while  for  a  .">lJ-h.p.  stationary 
e  cowling  would  weigh  approximately  12  ijounds,  for  a 
otof  of  the  same  horsepower  it  would  we'vgyi  'i'i  to  1^ 
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The  average  results  of  a  large  number  of  measurements 
tank  weights  are  2  to  2^  pounds  per  gallon  of  capadty  for  U 
up  to  10  gallons,  and  1  to  1}  pounds  per  gallon  of  capacity  for  i 
up  to  50  gallons.  The  weight  will  vary  slightly  with  the  mate 
copper  being  heavier  for  the  same  capacity  than  tinned  steel, 
the  weight  of  oil  tanks  averages  about  15  per  cent  greater  1 
that  of  gasoline  tanks,  though  in  many  instances  they  are  of 
same  weight  for  the  same  capacity.  Taking  lubricating  oi 
weighing  10  pounds  per  gallon  and  gasoline  as  weighing  7^  poi 
per  gallon,  it  has  been  found  that  the  weight  of  the  tank  i 
may  be  regarded  as  varying  directly  as  the  capacity  and  as 
the  weight  of  the  contents  when  full. 

Regarding  fuel  and  lubricant  weights,  Judge  gives  the  fol 
•  ing  figures: 

Gasoline  consumption  per  b.h.p.  hour 

Air-cooled  engines,  stationary  type        0.G5  pound 
Air-cooled  engines,  rotary  type  0.70  pound 

Wat^r-cooled  engines  0.50  pound 

OU  consumption  per  b.h.p.  hour 

Stationary  air-cooled  types  without   auxiliary 

exhaust  ports  .  0.10  pound 

Rotary  air-cooled  types  without  auxiliary  ex- 
haust ports  0.25  p>ound 

Water-cooled  engines  0.05  pound 

Weight  of  Propeller.  For  the  purposes  of  the  present  oui 
of  design  methods,  the  weiglit  of  the  propeller  is  taken  as  var 
as  the  square  root  of  the  horsepower  and  as  numerically  equa 
three  times  the  square  root  of  the  horsepower  in  pounds,  whit 
erring  on  the  side  of  safety,  as  the  general  approximate  rule  i 
take  the  propeller  weight  as  two  and  one-half  times  the  sq 
root  of  the  horsepower.  The  weights  of  three-  and  four-b 
propellers  are  in  proportion  to  the  number  of  blades  for  the  s 
horsepower.  For  example,  a  two-bhwle  propeller  7  feet  6  in 
in  diameter  for  a  50-  to  7()-h.p.  motor  weijjhs  15  to  18  pounds,  v 
a  three-blade  propeller  of  the  siime  size  weighs  24  to  32  pounds. 

DESIGN    OF   PARTICULAR   AEROPLANE 

Specifications   Required    by    Performance   Standards.    G 

certain  requirements  for  the  aeroplane  to  be  designed,  it  is 
possible  by  applying  the  knowledge  clvw\»\A^  \tt  ^xwr  \i.^  %. 
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iminary  estimate  of  the  weights  allowable  for  the  different  items. 

rhe  requirements  that  the  designer  is  generally  called  on  to  meet 

provide  for  a  machine  to  carry  a  certain   number  of  persons; 

gasoline  and  oil  for  a  flight  of  a  definite  period  at  full  power; 

armament,  such  as  machine  guns,  guns  and  ammunition,  or  bombs 

and   releasing   apparatus;   and    observing   instruments;   and   also 

prescribe   that   the   machine   comply   with    certain   standards   of 

performance,  such  as  flying  fully  loaded  at  not  less  than  a  given 

maYJTnum  speed  and  not  more  than  a  given  minimum  speed  and 

(£mbing  a  given  number  of  feet  in  a  given  time,  for  example, 

3000  feet  in  ten  minutes.    For  Ihe  purposes  of  the  present  outline, 

'   it  may  be  assumed  that  the  designer  is  called  on  to  produce  a 

machine  that  will  carry  a  pilot  and  an  observer;  will  fly  fully 

loaded  at  a  maximum  speed  of  80  m.p.h.  and  a  minimum  speed  of 

W  m.p.h. ;  will  climb  420  feet  per  minute  fully  loaded ;  will  carry 

a  fuel  and   oil  supply  for  four  hours  flight  at  full  speed;  and 

will  carry  a  full  outfit  of  instruments,  such  as  coippass,  barograph, 

Diap  case,    observing    instruments,    watches,    air-speed    indicator, 

revolution  counter  for  the  motor,  and  inclinometers. 

To  keep  the  fuselage  weight  as  low  as  possible  and  the  head 
resistance  down  to  the  minimum,  a  tandem-seated  machine  is 
elected,  and,  as  a  clear  downward  view  is  required  for  the  observer, 
he  is  seated  in  front  of  the  pilot  and  as  far  forward  as  possible. 
As  the  machine  must  necessarily  be  of  a  fair  total  weight  and  of 
fairly  light  loading  to  fly  at  the  required  minimum  speed,  the  biplane 
tj'pe  is  chosen,  and,  to  insure  a  vertical  or  almost  vertical  view  down- 
ward over  the  leading  edge  of  the  lower  wings  for  the  observer,  it  is 
decided  to  give  the  biplane  considerable  stagger.  Because  of  the 
stagger,  ailerons  are  adopted  for  lateral  stability  instead  of  warping 
thewings  for  this  purpose.  Ailerons  have  the  further  advantage  over 
warpmg  in  that  they  give  much  better  control  at  low  speeds  (which, 
.  of  course,  entail  large  values  of  i).  Warping  is  equivalent  to  increas- 
wigthe  i  value  of  one  wing  tip;  at  slow  speeds  this  may  mean  iw 
increased  lift,  since  the  machine  may  already  be  fl\  ing  with  its  wings 
at  their  angle  for  maximum  lift,  but  it  does  mean  increased  drift 
^th  a  consequent  tendency  to  spin  in  the  wrong  direction.  I\itting 
down  an  aileron  is  equivalent  to  increasing  the  camber  o\  pait  ol 
the  wing  and  bence  gives  an  increased  lift  for  any  va\v\e  ol  x. 
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Weight  Factors 

Weight  of  Body,  Operators,  Instruments,  Etc  The  body  h 
measure  20  feet  in  length  by  2  feet  mean  depth  and  breadth  i 
therefore  is  to  weigh  90  pounds,  as  previously  determined  for  tl 
dimensions.  For  the  pilot  and  the  observer  in  their  flying  di 
350  pounds  must  be  allowed,  and.  for  ^eir  seating,  20  poui 
The  controls,  to  be  manipulated  by  the  pilot  only  and  designee 
be  used  with  ailerons,  are  to  be  of  the  minimum  weight  previoi 
mentioned,  that  is,  30  pounds,  and  for  the  full  outfit  of  the  ins: 
ments  enumerated  above,  another  30  pounds  must  be  allowed.  1 
gives  a  total  weight  of  520  pounds  for  the  body  and  the  conti 

Weight  of  Motor,  Cowling,  Tanks,  Etc.    Before  it  is  poss 
to  proceed  with  any  further  determinations  of  the  weight  of 
tain  members,  such  as  the  wings,  tail  unit,  and  landing  gear, 
necessary  to  select  the  motor  desired.    From  a  knowledge  o1 
performance   on    other   machines,    it   is  known  that  the  80- 
Gnome  (rotary  air-cooled)  will  give  a  tractor  biplane  a  speed  c 
to  78  m.p.h.  with  fuel  and  oil  for  four  hours,  carrying  pilot 
observer,  and  also  that  it  will  climb  at  the  desired  rate.    But 
necessary  to  have  more  power  than  this  motor  develops  for 
machine  in  view,  though  it  is  naturally  desirable  to  keep  the  p 
down  to  the  minimum  that  will  give  the  results  required, 
referring  to  Table  III,  it  is  seen  that  the  80-horsepower  Le  Rl 
motor  of  the  same  type  is  more  efficient  and  that  its  total  wc 
with  mounting,  cowling,  propeller,  and  tanks  as  well  as  fuel 
oil  for  four  hours  running  at  full  normal  power  is  726  pou 
This  gives  the  total  weight,  less  the  wings,  tail  unit,  and  Ian 
gear  as   1246   pounds.     From   the   foregoing,   it  is   evident 
the    total    weight    WT  of    the    machine    will   be  equal   to 
+Wg+WA+iWA,  since   Wg  is  the  weight  of  the  landing 
including  the  tail  skid,  W  is  the  weight  of  the  wings  in  poi 
per  square  foot,  and  A  is  the  total  surface  of  the  wings  in  sq 
feet,  and,  as  pre\nously  determined,  IWA  is  the  weight  of  the 
unit.     Further,  Wg  equals  xhlVT,  hence 

~WT=l2iG+l—lVA 
14  i) 

Wing  Plan  and  Weight  Factors.     Determining  Ky  Fadof. 

is  next  necessary  to  determine  t\\e  ioim  v)l  VW  ^\sv%  ^n  and 
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For 


'  for  biplane 


loacfing.  The  first  thing  to  take  into  consideration  is  that  the 
madime  has  to  fly  at  40  m.p.h.^  or  about  58  feet  per  second,  so 
the  maximuTT)  Ky  value  for  the  wings  must  be  such  as  to  provide 
a  lift  per  square  foot  at  58  feet  per  second  equal  to  the  total 
loading  per  square  foot  that  is  adopted.  This  may  appear  to  be 
a  small  margin  to  allow  for  obtaining  the  slow  speed,  but  it  must 
be  remembered  that  at  the  slow  speed  and  with  the  consequent 
coftre,  or  tail-down  attitude  of  the  machine,  there  will  be  a  certain 
amount  of  added  lift  from  the  tail  and  the  bodv  of  the  machine 
and  a  slight  upward  component  of  the  propeller  pull.  It  is  also 
necessary  to  cut  the  slow  speed  as  fine  as  possible  in  order  to 
obtain  the  greatest  possible  high  speed. 

Taking  the  speed  V  (minimum)  as  58  feet  per  second 

=  4.0  lb.  per  sq.  ft.  Ky  (maximum)  =0.00119 

WT    =4.5  lb.  per  sq.  ft.  Ky  (maximum)  =0.00134 

^       =5.0  lb.  per  sq.  ft.  Ky  (maximum)  =0.00149 

=  5.5  lb.  per  sq.  ft.  Ky  (maximum)  =0.001G4 

Taking  the  speed  V  (maximiun)  as  120  feet  per  second 

Ky  for  120  ft.  per  sec.       58^ 

— = =0  233 

Ky  for  58  ft.  per  sec.      120* 

Since  the  machine  is  to  be  a  biplane  and  the  figures  for  model 

^rofoils  are  for  single,  or  monoplane,  form,  it  is  next  necessary 

to  obtain  from  the  tables  for  efl^ects  of  gap  and  stagger  the  required 

^fresponding  monoplane  Ky  values.     It  will  be  assumed  that  the 

^P  of  the  machine  under  design  is  to  equal  the  chord  and  that 

tile  stagger  is  to  be  about  0.4  of  the  chord.     It  may  therefore  be 

^^n  as  sufficiently  accurate  for  present  purposes  that  Ky  biplane 

^^^  0.85   Ky  monoplane,  since  the  figure  would  be  about  0.82 

^^  the  selected  gap  and  no  stagger  and  an  increase  of  efficiency 

^bout  4  per  cent  is    obtained    by    staggering  the  planes;  in 

^  ^er  words,  the  necessary  biplane  A'//'s  found  for  diflFerent  load- 

fe  must  be  divided  by  0.85  for  monoplane  tests.     By  so  doing 

^  following  results  are  obtained: 

^^ing  the  speed  V  (minimimi)  as  58  feet  per  second 

=  4.0  lb.  per  sq.  ft.        Ky  (maximum)  =0.00110] 

4.5  lb.  per  sq.  ft.        Ky  (maximum)  =0.0()ir)S|  -  , 

c/^iu  tj.  V    i  X     .wu^i-^r  for  "monoplane 

6.0  lb.  per  sq.  ft.        Ky  (maximum)  «=  0.(H}1  /  b 

^    5.5  lb.  per  sq.  ft.       Ky  (maximum)  =0.(K)193\ 
*^  Ky  tX  Jbtfft  apeed  equals  0.233  of  the  preceding  values,  as  pieVioxiaVv  "Wi^ 


,    WT 

■or-. 
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The  model  monoplane  data  sheets  are  now  referred  to  and  ^ 
best  form  of  wing  selected  for  the  machine  mider  design.    It 
necessary  to  choose  a  wing  form  that  has  a  maximum  Ky 
0.00140  or  over  and  will  give  the  highest  value  for  lift  to  drift 
a  Ky  equal  to  0.233  of  its  maximum    Ky;  that  is,  consult 
curve  of  Ky  value  and  the  curve  of  lift  to  drift  on  a  base  of 
value  for  all  data  sheets  and  select  the  best  wing  plan  for 
machine.    It  may  be  assumed  that  on  comparison  the  best  ^ 
form  proves  to  be  one  which  for  a  maximum  Ky  of  0.0015  give 
lift-to-drift  ratio  of  -V^  at  a  Ky  that  is  0.233  of  0.0015,  or  O.OOC 
With  this  wing  plan,  there  is  -necessary  a  total  loading  of 
pounds  per  square  foot. 

Wing  Weight  and  Total  Weight.  It  is  now  necessary  to  e 
mate  the  total  weight  WT,  from  which  may  be  obtained  a  fig 
for  the  total  wing  area;  from  this,  in  turn,  a  figure  for  the  v 
weight  must  be  calculated,  from  which  a  figure  for  the  total  wei 
is  determined.  This  figure  must  correspond  closely  with 
estimated  weight,  otherwise  the  estimate  must  be  revised.  It  i 
accordingly  be  assumed  that  the  machine  will  weigh,  fully  loa< 
1900  pounds  and  it  will  therefore  need  — J:^,  or  440  square 
of  wing  surface  at  4.3  pounds  per  square  foot  total  loading. 

As  was  determined  under  the  head  "Weight  of  Wings" 

so  that 

ir=0.014  (4.3-»0\/440 

Solving  this  equation  for  W  gives 

IF =0.98  lb.  per  sq.  ft. 

whence 

irj=  0.98X440  =  430  lb. 

As  was  determined  under  the  head  "Weight  of  Motor,  Cowl 
Tanks,  Etc." 

^WT=l24()+l-i-WA 
14  o 

Substituting  for  IF^'"  gives 

^JfT=1762  lb. 
14 

ff^f  then  equals  1900  pounds,  sVvomivj  \)e\«A.  \^^  \x^\;ftk  ^^K«i|^t 


DESIGN  AND  CONSTRUCTION 


23 


correctly  estimated.  According  to  the  proportions  given  under 
the  head  'Weight  of  Parts,"  the  weight  Wt  of  the  tail  unit  is  i  of 
the  weight  WA  of  the  wings,  the  weight  IVg  of  the  landing  gear  is 
tV  of  the  total  weight  WT,  and  the  weight  of  the  tail  skid  is 
iiiduded  in  and  is  i/sor  of  the  weight  of  the  landing  gear;  therefore, 
in  this  instance,  the  tail  unit  weighs  86  pounds,  the  landing  gear 
136  pounds,  and  the  tail  skid  7  pounds. 

Designing  Machine  from  Data  Qiven 

Wing  Area.  The  wing  plan,  the  area  of  the  wing  surface,  the 
weights  of  the  different  members,  and  the  type  of  motor  to  be 
employed  having  been  selected,  it  is  now  possible  to  proceed  directly 
with  the  design  of  the  machine  itself.  Being  a  medium  size 
aeroplane,  neither  of  the  very  small  nor  of  the  very  large  class, 
^  aspect  ratio  of  6  to  1  may  be  determined  on.  This  ratio  gives 
'our  wings  with  a  chord  of  6.15  feet  and  a  mean  span  of  17.5  feet, 
^hich,  with  the  top  center  plane  of  2-foot  span,  provides  a  total 
'^^n  span  of  37  feet,  the  ends  of  the  wings  being  raked  20  degrees. 
^"^  total  surface,  that  is,  the  area  of  the  four  wings  plus  that  of 
"^^  top  center  plane,  is  440  square  feet. 

Locating  Position  of  Wings,  Landing  Qear,  Etc.    Erect  a  side 
Elevation  of  the  body  of  the  machine,  placing  the  seats,  tanks, 


\  :  t        ■*■        -        • ; 

\  ■    'I  > '  •   • 

• :: —  ^  /.'.J. u— •  •  ; 


Fig.  10.     Side  Elevation  of  Aeroplane  HcinK  Designed 

^^or,  and  tail  skid  and  keeping  all  the  weights  as  close  together 

.Ota 

Possible,  Fig.  10  and  Table  IV.    A  poh-lifting  type  of  tail  ^W\vi 

to      J 

u>  be  employed^  that  is,  a  form  symmetrical  about  \\.?>  eew\x\!\ 
^^^^^i20ai»/  rJanc  and  with  this  plane  parallel  to  tVie  a^AS  o\  \5cve  4 


24 


DESIGN  AND  CONSTRUCTION 


TABLE  IV 
Horizontal  and  Vertical  e.g. 

u;  ■■weight  of  member  in  lb.;  I  ■■  normal  dutance  in  ft.  of  e.g.  of  member  from  line  f  fi 
Fig.  10,  +  ahead,  —  behind;'  and  Abnormal  distance  in  ft.  of  e.g.  of  member  from  tine  XX, 
Fig.  10,   +  above,   —  below. 


Member 

w 
(lb.) 

(ft.) 

h 
(ft.) 

wXli-\-) 

irXZ(-) 

wXM+)   tfXA(-) 

Propeller 

28 

+2.0 

56 

•    •    • 

• 

Motor 

250 

+0.7 

175 

•    •    • 

1 
....         , 

Cowling 

32 

+0.4 

+6.4 

13 

•    •    • 

13 

Motor  mounting 

36 

-0.2 

•   •  • 

7 

•  •   •  t 

Oil  and  tank 

86 

-0.6 

+i.3 

52 

112 

Passenger 

175 

-2.5 

+  1.0 

390 

175 

Passenger's  seat 

10 

-2.8 

+0.4 

28 

4 

Fuel  and  tank 

294    • 

-5.2 

+  1.4 

1530 

412 

Body 

90 

-6.7 

602 

•  •    •   • 

Instruments 

30 

-7.1 

+  1.5 

213 

45 

Controls 

30 

-7.5 

225 

•  •    •    • 

PUot 

175 

-8.7 

+  1.0 

.  . . 

1520 

175 

Pilot's  seat 

10 

-9.1 

+0.4 

91 

4     ' 

Tail 

86 

-19.0 

+  1.0 

1630 

86 

Tail  skid 

7 

-19.7 

-1.0 

138 

■  •    •   •        1 

7 

Wings,  complete 

430 

-4.9 

+2.8 

2107 

1208 

»  •  ■ 

Tianding  gear 

129 

-2.5 

-3.9 

322 

1 
....         1 

1 

m 

Total  (loaded) 

1898 

-4.53 

+0.91 

244 

8855 

2234         i 

m 

propeller.  This  form  is  perhaps  the  safest  to  use  as  it  will  give 
no  difference  in  lift  or  depression,  whether  in  the  propeller  slip 
stream  (motor  running)  or  not  (motor  stopped).  The  chord  of 
the  wings  is  set  at  3  degrees  to  the  propeller  axis. 

It  is  now  necessary  to  locate  the  wings  and  the  landing  gear, 
less  the  tail  skid,  of  course,  on  the  hody  in  such  a  manner  thst 
the  total  reaction  on  the  wings,  at  a  value  of  3  degrees  for  h 
passes  through  the  e.g.  (center  of  gravity)  of  the  whole  machine 
and  that  the  axle  of  the  landing  gear  is  about  12  inches  forward 
of  it.  (The  method  of  finding  the  e.g.  is  given  later.)  The  loca- 
tion of  the  wings  and  the  landing  jj^vnr  is  carried  out  by  a  process 
of  trial  and  error  as  follows: 

Make  a  tracing  of  the  side  elevation  of  the  wings  to  the  saine 
scale  as  that  of  the  IxkIv,  with  correct  gap  and  stagger,  also  • 
base  line  AB  inclined  at  iJ  degrees  to  the  chords,  Fig.  11.  Frofl* 
in(Klel  figures  for  the  wing  f(»rni,  mark  on  the  chord  of  each  wing 
t/ie  position  of  the  c.p.  (center  of  pressure)  with  i  equaling  3 
(hf^rees.     Join  these  two  points  \w  a  s\\vv\^\\.\\x\fc  wmL  on  this  lin^» 
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v6 


X- 


CP 

c 6.15'  -- 

Fig.  11.     Side  Elevation  of  Wings 


S  of  its  length  from  the  chord  of  the  lower  wing,  mark  a  point  P; 
through  this  point  P  draw  a  line  perpendicular  to  the  base  line 
*15.  This  line  may  be  regarded  as  representing  with  suflScient 
accuracy  the  line  of  lift  reaction  on  the  machine  if  i  equals  3 
degrees.  Through  the  same  point  P  draw  a  line  parallel  to  the 
base  il5,  which  will  represent  the 
line  of  dynamic  resistance,  or  drift, 
for  the  same  value  of  i. 

From  the  figures  for  the  wing 
fbnn  chosen,  measure  off  to  a  suit- 
able scale  a  distance  from  P  on 
the  lift  reaction  line  to  represent 
the  biplane's  Ky  value  if  i  equals 
3  degrees  and  a  distance  from  P 
on  the  dynamic  resistance  line  to 
represent  the  biplane's  Kx  value 
for  the  same  value  of  i.  By  draw- 
ing a  parallelogram  and  its  diag- 
onal through  the  selected  point  P, 
a  line  is  obtained  (the  diagonal)  which  represents  the  line  of  total 
reaction  on  the  biplane  if  i  equals  3  degrees.  A  point  representing 
S  of  the  distance  between  the  wings  is  selected  instead  of  a  point 
Diidway  between  them,  since  the  top  wing  does  more  work  tlian 
the  lower  in  about  the  proportion  of  4  to  3  for  small  values  of  i. 

Locating  e.g.  A  tracing  is  now  made  of  the  side  elevation  of 
Ae  landing  gear  to  the  same  scale  and  this  tracing  and  tliat  of  the 
side  elevation  of  the  wings  are  placed  over  that  of  the  side  eleva- 
tion of  the  body  in  assumed  positions,  keeping  the  base  line  AB 
of  the  wing  tracing  parallel  to  the  axis  of  the  motor.  Next  proceed 
to  calculate  the  position  of  the  center  of  gravity,  Fi^.  12.  For 
tiiis  calculation,  horizontal  moments  about  the  fore  (mkI  of  the 
body  and  vertical  moments  about  the  axis  of  the  motor  are  taken 
as  convenient  datum  lines  and  the  weights  of  the  various  members 
*re  multiplied  by  the  normal  distances  of  their  c.g.'s  from  these 
datum  lines.  From  these  results  the  center  of  gravity  of  the 
various  members  can  be  ascertained  pretty  accurately.  The  author 
suggests  taking  the  e.g.  of  the  wings  as  slightly  above  t\\e  ceTvl<i\ 
(^y  H)  of  sJwejo/nwg  the  center  points  of  the  lines  \v\\icV\  cowYveeV 
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the  centers  of  the  spars  of  the  top  wing  and  of  the  bottom  wing. 
The  e.g.  of  the  body  alone  may  be  taken  as  being  situated  about 
i  of  its  length  from  its  forward  end ;  that  of  the  tail  unit,  as  about 

1  foot  forward  of  the  after  end  of  the  body;  that  of  the  landing 
gear,  assuming  the  form  shown,  as  lying  12  inches  forward  of  and 

2  inches  above  the  wheel  centers;  and  that  of  a  man  attiog,  a: 
about  12  inches  forward  of  the  seat  back  and  12  inches  above  the 
seat  level. 

The  cg.'s  of  the  other  members,  such  as  the  tanks  for  fuel 
and  oil,  the  motor,  the  engine  mounting,  the  engine  cowling,  the 
seats,  the  controls,  the  instruments,  and  the  tail  skid  may  readily 
be  determined  with  sufficient  accuracy  by  inspection.  It  must  be 
noted  that  the  locations  of  the  tanks  must  be  such  that  the  eg. 


varies  little  in  horinontiil  position,  wln'tlicr  tliey  be  full  or  emptj- 
and  tliey  must  also,  of  course,  be  of  the  required  capacity.    As  i^ 
is  almost  impossible  to  keep  the  e.g.  of  both  fuel  and  oil  directR 
over   the   e.g.   of   tlie   whole   machine   an<l    since,   for   the  mo**'' 
specified,  the  weight  of  fuel  consumed  per  unit  of  time  is  alx>*^ 
six  times  the  weight  <»r  oil  consumed  in  the  same  time,  the  c-^ 
of  the  oil  should  be  located  about  six  times  as  far,  horizontal!.^ 
from  the  e.g.  of  the  whole  machine  ns  is  tliat  of  the  fuel  suppf^ 
the  tanks  naturally  Wing  placed  on  opposite  sides  of  the  eg.  ^ 
the  machine  as  a  whole.     In  cjise  the  first  locations  with  the  a* 
of  the  tracings  do  not  result  in  <letermining  the  proper  positior^ 
for  the  wings  and  the  lan<ling  gear,  they  are  relocated  and  tV^- 
calculations  repeated.     When  these  ha\'e  been  properly  placed,  th- 
outline  design  is  complete.    The  factors  of  strength  and  stability 
and  the  dtecking  of  the  power  avaiaNAe  t»  ieVKraimft  ii.  iS.  t  ■ 
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nt  to  produce  tlie  required  climbing  speed  and  maximum 
eiuitin  to  be  considered, 
ling  Strength.  For  the  atreagth  of  the  mngs,  considered  as 
>  framed  structure,  we  now  have  the  over-all  dimensions 
t  positions  of  the  main  wing  spurs  and  of  the  struts  and 
Cotisideri[ig  each  spar  as  a  continuous  beam  and  each 
1  uniformly  loaded  for  \  of  its  length  (its  own  weight  not 
taken  into  account  in  this  connection),  it  is  necessary  to  find 
;  of  the  bending  moments  and  the  reactions  at  the  sup- 
(  each  spar,  with  the  c.p.  first  at  its  position  nearest  to  the 
edge  and,  second,  at  its  position  for  full  speed,  which  will 
1  farther  from  the  leading  edge.  The  sections  and  mate- 
f  the  spars  must  be  such  that  under  neither  of  these  condi- 
lo  the  maximum  calculated  fiber  stresses  exceed  J  of  the 
compressive  strength  of  the  material  employed.  This 
ts  the  factor  of  safety  of  6  usually  required.  The 
tions  of  the  stresses  for  the  spars  and  the  ribs  and  the 
enition  of  the  sections  and  dimensions  of  these  parts  and 
I  materials  to  be  employed  involve  priwesses  tliat  are  too 
f  to  be  included  in  a  brief  outline  of  design  such  as  the 
The  material  and  cross-sections  of  each  strut  must  also 
I  that,  for  a  form  of  minimum  head  resistance,  the  maximum 
1  load  does  not  exceed  \  of  the  ultimate  strength,  calculated 
er's  formula  for  a  pillar  pin  joined  at  both  ends.  Similarly 
ay  cable  should  have  an  ultimate  strength,  taking  into  account 
bakening  due  to  splicing,  of  at  least  six  times  the  maximum 
I  which  it  will  be  subjected  as  indicated  by  the  previous 
It  is  suggested  that  the  wings  be  considered  as 
aly  loaded  for  only  \  of  their  total  lengths,  because,  owing 
losses,  the  loading  decreases  toward  the  outer  ends.  This 
don,  therefore,  gives  a  fairly  accurate  and  simple  method 
nmdng  for  the  actual  distribution  of  loading  over  the  wing 
s.  Of  course,  the  uniform  loading  used  for  tlie  calculation 
*  adjusted  so  that  the  total  loading"  remains  equal  to  the 
reight  for  stress.  It  is  evident  that  similar  requirements 
eiigth  must  be  met  throughout  the  design  of  the  machine, 
r  words,  no  part  should  \\B.ve  a  factor  ot  safety  ol  Vaa 
HnJer  the  conditions,   betneeii    ttie    minvmuia   aui  >Coft 
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maximum   speeds,  that   impose  the  greatest  stress  on  the  p 
question. 

"Doping"  Wings  ta  IncTfuse  Strength.  For  covering  the 
a  special  grade  of  linen  fabric  combines  in  tlie  highest  degr 
qualities  of  great  tensile  strength,  lightness,  and  immun 
ripping  that  are  absolutely  essential  to  the-  military  aero 
However,  this  fabric  in  itself,  regardless  of  how  tightly 
stretched,  does  not  provide  a  sufficiently  rigid  surface  f< 
wings.  The  extent  to  which  stretching  may  be  resorted 
covering  the  wings  is  naturally  limited,  since  the  fabric  mn 
lie  stressed  l>eyoiul  ii  certain  point.     To  render  it  stilT  and 


"HHHIS 


\wt 


proof  after  it  is  fastened  in  place,  the  linen  is  "doped".  Pig.  I 
is,  painted  with  a  compound  of  cellulose  acetate  which  shrii 
fabric  to  a  degree  of  tautness  tliat  makes  it  almost  as  hai 
sheet  of  wood  veneer.  Another  important  advantage  resultii 
its  use  is  an  increase  in  the  tensile  strength  of  the  fabric  ami 
to  25  per  cent  of  the  original  average  of  the  warp  and  fi] 
linen  and  about  15  per  cent  in  the  case  of  cotton.  The  \\ 
in  weight  is  between  2  and  3  ounces  per  square  yard, 
"doping",  ttie  wings  are  treated  to  i3e\e^I  cojits  of  spar 
which  Is  resistant  to  air,  light,  and  water  and  which  djQ 
clear,  huni,   ^h>^--y   tinUli.     '\'\w.  M>av  \i*uvr.V  avv"^S 
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foundation  provided  by  the  "doped"  fabric  results  in  a  surface 
which  approximates  that  of  a  sheet  of  polished  metal  in  smooth- 
ness and  serves  to  reduce  to  a  minimum  the  skin  friction  of  the 
wings  in  flight.  Without  sucli  treatment  there  would  be  great 
difficulty  in  keeping  the  wing  surfaces  taut  under  varying  condi- 
tions of  weather,  since  wetting  would  cause  them  to  stretch 
and  sag. 

Stability.  The  next  factors  to  be  considered  are  the  stability 
of  the  machine  and  its  control,  which  involve  the  size  of  the  tail 
plane,  the  elevator,  the  fin,  and  the  rudder  and  the  amount  of 
dihedral  angle  to  be  given  the  wings.  Since  it  is  naturally  out  of 
the  question  to  go  into  the  matter  of  stability  at  length  in  this 
connection,  only  a  few  simple  methods  are  utilized.  By  employing 
data  from  experiments  \\ith  models  and  by  applying  elementary 
nsatbematics  sufficiently  satisfactory  results  are  arrived  at  for  the 
piupose.  Though  more  or  less  interdependent,  longitudinal,  or 
'Peking f  stability  and  lateral,  or  rolling,  stability  and  directional, 
fjfamng^  stability  are  considered  separately.  Though  the  moment 
f  inertia  of  the  machine  has  some  effect  on  the  stability,  no 
XXNint  of  it  is  taken,  except  to  state  that  the  moment  of  inertia 
Knit  all  three  axes  must  be  kept  as  low  as  possible,  as  much  from 
osiderations  of  strength  as  from  those  of  stiibility.  A  machine 
^ich  the  moment  of  inertia  is  large  can  be  made  as  stable  as 
e  in  which  it  is  small,  but,  in  as  much  as  such  a  machine 
bates  more  slowly  about  any  axis,  it  is  highly  probable  that  it 
subjected  to  greater  local  stress  in  a  fluctuating  wind  and  that 
answers  more  slowly  to  its  controls  and  is  therefore  more  likely 
be  stressed  by  them. 

Longitudinal  Stability.    By  longitudinal  stability  is  meant  the 
lerent  tendency  of  the  machine  to  preserve  a  constant  angle  to 

path  of  flight,  that  is,  to  preserve  a  constant  value  of  /  for 
B  wings.  Obtaining  this  property  resolves  itself  into  a  deterniina- 
tn  of  the  size  of  the  tail  plane  and  of  the  elevators.  As  is  shown 
•  the  preceding  curves  for  wings,  all  along  the  range  of  i  a  alues 
eful  for  flight  a  curved  wing  is  unstable,  that  is,  as  i  increases,  the 
>.  moves  forward  or,  as  i  decreases,  the  c.p.  moves  backward. 

each  case,  therefore,  the  shift  of  the  c.p.  tends  to  aLggci5uN^.\fc 
stead  (^  counteract  the  alteration  of  i  value.    SimWaiYy ,  \X\^^^^' » 
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whicby   for  low  head   resistance,  approaches  a  torpedo  form,  '^ 
unstable  at  small  angles  with  its  path  of  flight. 

It  is,  accordingly,  the  function  of  the  tail  to  counteract  i^ 
instability  of  the  wings  and  of  the  body.  The  form  of  calculati^ 
for  this  is  most  conveniently  given  in  tabular  form,  Table  ^ 
Fig.  14.  In  the  first  column  are  given  a  values,  representing  tl 
angle  which  the  axis  of  the  motor  makes  with  the  direction  of  fligb. 
in  the  second  column  are  given  the  corresponding  values  for 
which  in  the  present  instance  will  be  a+3  degrees  throughout;  i 
the  third  column,  corresponding  values  for  Ky,  the  lift  coefficiec 
of  the  wings;  in  the  fourth  column,  corresponding  values  for  K^ 
the  drift  coefficient  of  the  wings;  in  the  fifth  colunm,  values  f« 
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Fig.  M.     Calrulation  of  LonRitudinal  >Stability 

the  total  reaction  coefficient  R,  which  is,  of  course,  equal 
y/ Ky^-\- Kx-;  in  the  sixth  cohimn,  values  for  AxR,  or  wing  ^* 
face  multiplied  by  the  total  reaction  coefficient;  and  in  the  seve^^ 
column,  the  L  values,  L  being  the  perpendicular  distance  from  ^ 
e.g.  of  the  machine  to  the  line  of  action  of  R;  the  eighth  colu^^ 
gives  the  AxRxL  values,  which  are  a  function  of  the  mom^ 
of  the  reaction  on  the  wings  about  the  e.g.;  in  the  ninth  colufi 
are  given  values  of  /3,  representing  the  inclination  of  the  f^ 
plane  to  the  line  of  flight  (in  the  present  case  jS  equals  a  through 
out);  'in  the  tenth  column  are  given  corresponding  values  f 
ky  for  the  tail  plww;  in  the  eleventh  column,  eorrespondiX 
values  of  kx  for  the  tail  plane;  in  the  twelfth  column,  values  * 
total  reaction  coeflScient  r  on  ta\\  pVaive  t  \srav^>  est  oourae^  equal  ^ 
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■s/k]j--\-hj--  in  the  thirteenth 
column,  values  of  /,  represent- 
ing the  perpendicular  distance 
from  the  e.g.  of  the  machine 
to  the  line  of  action  r;  in  the 
fourteenth  column,  values  of 
tYJ;  and  in  the  fifteenth  col- 
umn, the  values  in  the  eighth 
column  divided  by  the  values 
in  the  fourteenth  column,  that 

.     AxlixL   ^,.      .  .       ^, 
IS, — ,  this  giving  the 

required  tail  area  necessary  to 
just  counteract  the  moment 
of  reaction  on  the  wings, 
assuming  the  fail  to  be  in 
undisturbed  air. 

If  accurate  model  data 
for  the  air  reactions  on  the 
body  of  the  [machine  under 
design  are  obtainable  a  sec- 
ond table,  similar  to  the  fore- 
g<»ing,  may  be  calculated  to 
find  the  necessary  area  of  the 
tail  plane  to  counteract  the 
instability  of  the  body.  But, 
as  the  reaction  on  the  btnly 
is  c()mparati\*ely  small  for  the 
narrow  form  use<l,  this  table 
may  be  omittc<l  and  a  slight 
addition  made  to  the  amount 
of  surface  of  the  tail  plane 
necessary  for  the  wings  alone, 
say  0.1.  The  figures  for  the 
seventh  and  thirteenth  col- 
umns are  arri\-cd  at  in  a  man- 
ner similar  to  t\\a\,  m  -w\CvA\ 
the  line  o!  tota\  tea-cfeou  Vot 
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the  machine  for  i  equals  3  degrees  was  obtained,  and  a  scnM  I 
lines  must  be  drawn  representing  lines  of  total  reaction  on  t 
maehine  for  each  of  the  i  values  of  the  table.  Then  from  tl 
side  elevation.  Fig.  14,  it  is  possible  to  measure  the  perpi 
dicular  distances  from  the  e.g.  of  the  machine  to  each  of  tb 
lines,  these  distances  being  values  for  L,  to  scale  ot  i 
drawing. 

Let  us  assume  that  we  are  to  adopt  a  tail  plane  of  the  id 
shown  in  Fig.  15,  as  a  good  compromise  between  strength  I 
efficiency;  if  model  figures  are  not  available  for  a  plane  of  ti 
form,  the  need  of  accuracy  will  be  rnet  sufficiently  by  taking  I 
It  figures  for  a  rectangular  plane  with  an  aspect  ratio  of  3  to 
As  the  size  for  the  tail  plane  is  not  knon'n  until  after  making  i 
calculation,  tiie  exact  position  of  its  line  of  reaction  is  liken 
unknown.  But  the  chord 
the  tail  plane  is  fairly 
compared  to  the  distance  fB 
the  e.g.  of  the  machine  tn 
c.p.  of  the  tail  plane  and 
shift  of  the  c.p.  on  the 
plane  is  smaller  still  compi 
with  this  distance.  Henn 
point  may  be  assumed,  sa)^ 
inches  above  the  top  of 
body  and  2  feet  from  the 
the  position  of  the  c.p.  on  the  tail  plane, 
may  be  neglected, 
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end  of  the  body,  i 
the  shifting  of  thi 

It  may  be  further  assumed  that  the  required  area  of  the 
plane  for  the  machine,  that  is,  the  area  of  the  tail  phine  plus! 
of  the  elevators  is  twice  the  greatest  area  called  for  in  the  tai 
This  might  at  first  sight  imply  an  apparent  total  disregard  of 
calculations  represented  hy  llie  table,  but  the  reason  for  I 
apparent  large  excess  of  tail  area  is  that  the  tail  surface  is  ad 
both  in  the  <lown  draft  from  the  wings  and,  when  the  en^M 
rumung,  in  the  slip  stream  of  the  propeller.  Both  these  fad 
tend  to  decrease  the  alteration  of  air  flow  relative  to  the  tail,  ^ 
the  angle  of  the  whole  machine  to  its  path  of  flight  is  altered; 
other  worda,  they  both  tend  lo  decitaae  \i\«  cwtcsSmv?,  ^«ir 
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the  taiL   This  reduction  to  one-half  for  the  vahie  of  the  tiiil  area 

Qfl  the  machine  as  compared  with  the  corresponding  value  for  the 

same  surface  in  undisturbed  air  agrees  approximately  with  the 

results  of  the  investigations  of  the  National  Physical  Laboratory. 

It  is  suggested  that  the  value  of  the  area  of  the  tail  should  be 

inaintained  about  as  determined  by  the  foregoing  calculations  for 

any  machine,  but  the  greater  the  pow«r  of  control  required,  the 

greater  should  be  the  area  of  the  elevators  relative  to  the  tail  plane. 

Tie  ratio  of  elevator  area  to  tail  plane  should,  lie  between  the 

hits  of  0.6  to  0.4  and  0.3  to  0.7.    Outside  these  limits,  the  result 

is  to  produce  a  machine  that  is  either  heavy  on  the  controls,  on 

one  hand,  or  slow  to  respond,  on  the  other.     Therefore,  a  total 

trea  of  75  square  feet  will  be  employed  in  this  unit,  of  which  0.43, 

or  32  square  feet,  is  in  the  elevators.    The  dimensions  and  form 

of  the  tail  are  to  be  as  shown  in  Fig.  lo. 

■        Directional  Stability,    By  analogy  with  the  action  of  a  sailing 

vessel,  which  carries  either  a  ^veather  helm  or  a  lee  helm  when 

sailbg  on  the  wind  and  thus  tends  to  yaw,  that  is,  either  come  up 

in  the  wind  or  fall  off,  directional  stability  is  also  termed  yawing 

stability  and  has  to  do  with  the  ability  of  the  machine  to  follow 

*n  approximately  straight  line  of  flight.     It  invokes  the  size  of 

the  nidder  and  fin  for  the  machine,  the  fin  being  specified  in  this 

^  since  it  is  an  advantage  on  anything  but  \'ery  small  and 

'^ht  machines  and  also  renders  the  rudder  stronger  structunilly. 

C^onsidered  as  a  fixed  surface,  the  rudder  and  fin  nnist  be  large 

enough  to  counteract  the  inlierent  yawing  instability  of  the  body 

*nd  also  to  counteract  the  yawing  ellect  of  the  side  surface  of 

those  parts   of   the   landing   gear   which    lie    forward  of   the  e.g. 

^  well  as  that  of  the  propeller   reganh^l   as  a  front  fin.     It  is 

'^^oessary  when  the  rudder  is  set  at  an  angle  of  .">  degrees,  for 

^^ample,   for   it   to    have    ample   additional    j)o\ver  to  counteract 

^^^  maximum  spinning  moment  induced  by  working  the  aileron^. 

"ithout    having    model    figures    for    yawing    moments    on    the 

^Selage  and   for  drift  on   a  wing  with   the  ailerons  at  different 

I'^gles,  it  is   better  to  determine   the   rudder   area   from  figures 

^^  other  machines  resembUng  the  one  under  design  as  closely 

^  possible  and  known  to  have  satisfactory  directioual  ^tabvlvt^' 

^'^d  control 
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It  is  accordingly  suggested  that  the  empirical  formula 

cisXd)=S-^^+A 

be  employed,  in  which  s  is  the  area  in  square  feet  of  the  rudder; 
d  is  the  distance  in  feet  of  the  center  of  area  of  the  rudder  from 
the  e.g.  of  the  machine;  S  is  the  area  in  square  feet  of  the  side 
elevation  of  the  body,  wings,  landing  gear,  and  propeller;  Z)  is  the 
distance  of  the  center  of  this  area  behind  the  e.g. ;  A  is  the  area  in 
square  feet  of  the  wings;  and  c  is  a  constant  which  may  be  given 
a  value  of  1.7  from  figures  for  other  machines  of  this  type.    The 
value  for  body  side  area  is  the  area  in  side  elevation  of  the  bodyi 
including  all  added  superstructure,  cowling  of  the  motor,  and  the 
like.    The  value  for  the  side  area  of  the  wings  is  that  of  the  wings 
with  their  struts  in  side  elevation,  thus  taking  account  of  the  fin 
area  due  to  the  dihedral  angle  at  which  the  wings  are  placed  to 
one  another.    This  then  gives 

70X1.2 


1.7X.'?X  15  =  70- 


+440 


or 


,y=  17  sq.  ft. 


that  is,  the  combined  area  of  the  rudder  and  vertical  fin  is  17  square 
feet,  which  area  is  disposed  as  shown   in   the   diagram,    Fig.  16- 

Lateral  Stability.  Before  tak- 
ing up  the  calculations  for  lateral 
stability,  it  is  well  to  consider  the 
causes  of  the  existence  or  absence  ©f 
good  lateral  stability  in  a  machine - 
An  aeroplane  is  a  body  immersed 
in  fluid — air — ^and  since  its  avera^ 
density  is  very  great  compared  to 

Fig.  16.     ProporUons  of  Fin  and  Rudder        ^^^^  ^j  ^j^.^  j^  j^  considered  aS  being 

supported  only  by  the  reaction  of  the  air  upon  its  lifting  surfaces,  tha't 
is,  it  is  supported  solely  by  reason  of  its  speed  relative  to  the  air- 
Now,  for  both  of  the  stabilities  already  discussed,  pitching  and 
yawing  stability,  the  path  of  flight  is  approximately  at  right  angl^ 
to  the  axes  of  rotation.  Ilenw,  a  small  rotation  inmiediately 
induces  a  change  of  reaction  wpoiv  t\v^  tw\  '^Vwv^^  ot  rudder,  as  the 
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jase  may  be,  which  tends  to  counteract  the  rotation.  But  in 
considering  the  third  form  of  stability,  lateral,  or  rolling,  stability, 
it  is  evident  that  the  rotation  takes  place  about  the  longitudinal 
ems,  which  is  parallel,  or  approximately  so,  to  the  path  of  flight, 
and  that  this  rotation  by  itself  produces  no  change  whatever  upon 
the  air  reactions  of  the  machine,  that  is,  no  other  motion  being 
fmeniy  no  force  is  created  to  counteract  the  rotation.  However, 
when  an  aeroplane  rolls,  other  movements  do  occur  and  it  is  from 
these  that  lateral  stability  is  obtained.  To  demonstrate  these 
movements,  an  aeroplane  flying  horizontally  and  steadily  may  be 
considered,  Fig.  17.  Assume  that  some  outside  force,  say  a  puff 
of  wind,  rolls  it  over  slightly.     It  is  evident  that  as  the  speed  and, 
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Fig,  17.     Diagram  Showing  Kffeot  of  Dihedral  AhrIc  on  Lateral  Stability 

^erefore,  the  total  reaction  RT  remain  constant  and  as  the  lift 
Action  is  now  out  of  line  with  the  gravitational  force,  the  vertical 
^^ponent  is  now  less  than  the  gravitational  forc*e  and  the  hori- 
^ntal  component  is  unbalance<l.  Consequently,  the  machine  will 
'^d  to  drop  and  move  sideways.  As  soon  as  it  commences  to  do 
^  there  is  set  up  a  motion  perpendicular  to  the  axis  of  rotation 
^^,  if  the  surfaces  are  properly  disposed,  a  righting  moment 
^vilts  therefrom. 

It  is  accordingly  evident  that  for  lateral  stability,  if  the  machine 
'^  a  lateral  velocity  relative  to  the  air,  the  resulting  reactions 
^  the  whole  machine  must  tend  to  raise  the  then  leading  wing 
>.  This  is  the  chief  reason  why  a  dihedral  angle  of  the  wings 
^ds  to  give  lateral  stability.  It  can  also  be  seen  that,  if  the 
^ter  shape  of  the  machine  remains  the  same,  the  higher  the  eg*, 
^^  greater  the  dihedral  angle  needed,  and  vice  versa.  TYvetelox^ 
t  is  necessaiyr  to  calculate  the  vertical  position  oi  tYve  cfeutec  o\ 
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TABLE  VI 
Calculation  for  Vertical  e.g.  of  Area 

A  "Side  elevation  area  of  member  in  sq.  ft.;  and  A -distance  of  center  of 
ber  above  or  below  axis  XX.  Fig.  18,   +  above,    -  below 


Member 

A 

(sq.  ft.) 

h 
(ft.) 

Axh 

Propeller 

2.5 

-0.9 

-2.2 

Cowl 

4.0 

-0.5 

-2.0 

Chassis  front  strut 

1.0 

-3.6 

-3.6 

Chassis  rear  strut 

0.8 

-3.0 

-2.4 

Chassis  skid 

1.0 

-5.2 

-5.2 

Chassis  wheel 

3.8 

-4.9 

-18.6 

Body  below  XX 

36.0 

-0.9 

-32.4 

Body  above  XX 

8.6 

-fO.5 

+4.3 

Wing  struts 

4.8 

-hl.2 

+5.8 

Fin 

6.0 

+  1.0 

+6.0 

Rudder 

9.0 

+0.9 

+8.1 

Tail  skid 

0.6 

-1.8 

-1.1 

Total 

78.1 

-0.55 

-43.3 

projected  side  area  of  the  whole  machine  less  the  wings.  Table  \l 
and  Fig.  18.  It  is  suggested  that,  if  this  center  of  area  lie  at  the 
same  height  as  the  e.g.,  a  3  per  cent  dihedral  angle  should  be 
given  to  the  wings;  if  the  center  of  area  lie  above  the  e.g.,  less 


Fig.  18.     Calculation  for  Vertical  Center  of  Gravity  <rf 

dihedral  should  be  given;  if  below,  more.  For  the  amount  rf 
increment  or  decrement,  1  degree  of  dihedral  is  suggested  per  15 
value  (in  square  feet  X  feet)  of  vertical  moment  of  side  area  abort 
the  eg.  These  figures  are  arbitrary  but  they  represent  appniD* 
mately  current  practice  for  mac\\\ive^  ol  \\vv^  \.>r^,   \sl  tbA  ioip 
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ider  connderatioD,  the  center  of  projected  ude  area  is  0.55  foot 
Jow  the  e.g.,  so  that  a  5  per  cent  dihedral  angle  is  employed. 

Inherent  SUibU.ity.  As  emploj'ed  in  this  connection,  inherent 
tbility  is  the  tendency  of  the  machine  to  maintain  the  same 
titude  to  its  path  of  flight  or  to  its  relative  motion  to  the  air. 
insequently,  it  follows  that  the  more  stable  the  machine  is  in 
is  sense  the  more  it  tends  to  follow  alterations  in  the  direction 

the  wind,  and  this  quality  in  excess  makes  for  discomfort  in 
ing  and  danger  in  landing,  so  that  there  is  such  a  thing  as 
-ing  a  machine  too  much  inherent  stability.    Hence  it  is  desirable 

insure  the  machine  a  slight  margin  of  stabiUty  and  at  the  same 
ae  afford  the  pilot  ample  controlling  power  to  enable  him  to 
er  quickly  at  will  its  attitude  in  any  direction. 

Maximum  Speed.  Propeller  Thrust.  The  main  features  of 
s  design  having  been  completed,  it  is  now  necessary  to  calculate 
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3  propeller  thrust  and  the  head  resistance  as  accurately  as 
ssible  to  determine  if  sufficient  power  is  available  for  the  niaxi- 
im  speed  and  the  climbing  ability  as  well  as  to  check  the  bal- 
ce  of  the  machine.  Propeller  design  is  such  n  larfje  subject  in 
lelf  that  it  cannot  be  dwelt  upon  at  length  here  and  the  student 
referred  to  the  text  on  "Aerial  Propeller".  So  much  data  is 
mailable  that  there  is  no  difficulty  in  selecting  a  form  of  propeller 
»  Buit  the  balance  of  the  desijin.  It  may  then  be  assumed.  ^X^a.V 
lere  i»  at  luad  Hm  eSdency  curve  for  a  suitable  propWeT  otv  a 
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TABLE  VII 
Head  Resistance  in  Slip  Stream 

r-124  ft.  per  sec.  (130-5%);  T'»-15400:  R^'KxXAX^^  lb.,  or  A^ -15400  JCxii 


Member 

A 

(Bq.  ft.) 

Kx 

R 

h 

(ft.) 

RXh 

Body 

Chafisis  Struts 

Chassis  cross  bracing 

One-half  axle 

Tail  flkid 

Rudder 

One-half  tail  and  stays 

Three-quarter  Evr  plane 

struts 
Three-quarter  Evr  plane 

bracing 

6.0 

1.30 

0.25 

0.45 

0.40 

0.40 

2.50 

0.90 

0.15 

0.0005 

0.0002 

0.0012 

0.0002 

0.0004 

0.00008 

0.00008 

0.0002 

0.0012 

46.0 
4.0 
4.6 
1.4 
2.5 
0.5 
3.1 

2.8 

2.8 

+0.2 
-2.6 
-2.6 
-3.9 
-1.3 
+2.4 
+  1.0 

+3.0 

+3.0 

+9.2 
-10.4 
-12.0 
-5.5 
-3.2 
+1.2 
+3.1 

+8.4 

+8.4 

Total  /?! 

12.35 

0.000356 

67.7 

-0.01 

-0.8 

base  slip  ratio  at  constant  revolutions,   Fig.    19.     Of   course  tl 
efficiency  is  expressed  as 

p_  useful  work 
total  work 

but  it  may  be  also  expressed  thus 

p  thrust  X  speed  TxV 

h.p.  driving  propeller    b.h.p.X550 


The  slip  ratio  is  expressed  thus 

slip  ratio  = 


(pXr)-r 
pXr 


where  p  is  the  pitch  of  the  propeller  in  feet;  r  is  the  revolutions  p 
second;  and  V  is  the  speed,  that  is,  the  speed  of  advance  along  tl 
axis  in  feet  per  second.  Taking  /)  as  7  feet  and  r  as  20  feet  p 
second,  we  have 

shp  ratio  =  -^;^^ 

By  referring  to  Table  III,  the  horsepower  delivered  by  the  moU 
selected  at  normal  maximum  speed  is  ascertained.  Taking  the  bral 
horsepower  as  85,  we  have  from  the  above  equation 

T     rw  46750  .    „ 
1  —LX     y,     in  lb. 

From  the  efficiency  curve  anot\vet  cwtve  c»xv  W -v^qXXjA  ij^ctoj^  th 
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TABLE  VIII 

Head  Resistance  Outside  of  Slip  Stream 

DmUt  in  this  tabic  is  calculated 

on  the  hauls  V  - 100  ft 

.  per  «ec. 

Member 

1       .1 

(hq.  ft.) 

Kr 

li 

h 

(ft.i 

RXh 

1 

One^uarter  center  plane 

struU 

0.30 

0.0002 

0.6 

+4.6 

+2.8 

One-quarter  center  plane 

bracing 

0.05 

0.0012 

0.6 

+4.6 

+2.8 

On<>-half  tail  plane 

2.40 

0.00008 

1.9 

+  1.0 

+  1.9 

Wing  cables 

2.70 

0.0012 

32.0 

+2.4 

+76.8 

Wing  struts 

4.00 

0.0002 

8.0 

+2.5 

+20.0 

Onfvhalf  axle 

0.45 

0.0002 

0.9 

-3.9 

-3.5 

WTiecls  and  shock  absorber 

1.00 

0.00045 

4.5 

-3.9 

-17.6 

Skids 

0.30 
11.20 

0.0006            1.8 

-4.0 

-7.2 

Total  f?. 

0.00015  1     50.3 

+  1.51 

1 

+76.0 

actual   propeller  thrust  in  pounds  on  a  base  of  speed  of  advance, 
that   is,  the  speed  of  the  aeroplane  in  feet  per  second. 

Head  Resistance,  The  next  step  is  to  obtain  the  necessary 
figures  to  plot  a  curve  of  total  head  resistance  in  pounds  of  tlie 
machine  on  this  same  base  of  speed  in  feet  per  second.  For  this 
a  front  elevation  of  the  machine  under  design  is  erected  in  order 
to  determine  which  parts  lie  within  the  proix^ller  disc  and  which 
outside  of  it.  The  parts  which  lie  in  the  propeller  disc,  that  is, 
in  the  slip  stream  from  the  propeller,  are  in  a  current  of  fairly 
constant  speed  irrespective  of  the  speed  of  the  machine.  The  cal- 
culation is  accordingly  made  in  the  form  of  two  tables,  the  first. 
Table  VII,  being  for  parts  in  the  propeller  dis(!  and  the  second, 
Table  VIII,  for  parts  outside  of  it.  The  wings  are  not  dealt  with  in 
either  of  these  tables,  since  the  total  reaction  on  them  has  already 
been  accounted  for  in  the  first  balancing. 

The  coefficients  of  resistance  for  the  different  parts  of  the 
machine  are  obtained  from  model  data  of  which  there  are  plenty 
available.  In  both  tables,  the  resistance  in  pounds  is  found  for 
each  item  at  some  chosen  fixed  value  of  V.  At  the  same  time 
there  is  taken  the  moment  of  resistance  of  ciich  ineml)er  about  the 
axis  of  the  motor,  vertically,  of  course,  in  order  to  obtain  a  figure 
for  the  vertical  position  of  the  center  of  head  resistanc^e.  The 
vertical  position  of  the  center  of  head  resistance  less  t\\e  Vmg^  tcwxsX 
be  detennibed  to  see  if  there  is  a  thrust-head  resistance  eow\)\^ 
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Should  this  be  the-  case,  in  other  words,  if  the  line  d  le 
resistance  b  above  or  below  the  line  of  thrust,  it  is  neoe 
if  practicable,  to  alter  the  line  of  thrust  or,  by  slightly  alterir 
fore  and  aft  line  of  the  wings,  introduce  an  equal  and  op 
lift-weight  couple  to  counteract  that  of  thrust-head  reastano 
Table  VII,  V  is  taken  as  slightly  less  than  the  pitch  speed  > 
propeller,  say  5  per  cent,  and  Ri  is  regarded  as  the  total  resL 
of  the  amounts  there  found  and  as  constant  for  all  speeds  i 
machine.  In  the  present  instance  Ri  has  a  value  of  67.7  p 
acting  at  &  distance  h  equaling  0.01  foot  below  the  line  of  thr 
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a  constant.  Fig,  20  shown  the  curves  of  the  thrust  and  the 
ance.  In  Table  YUI,  V  is  taken  as  representing  100  feet  per  » 
which  is  a  convenient  figure  to  work  with,  and  the  total  resi 
Rt  obtained  is,  of  course,  the  resistance  of  all  parts,  excel 
wings,  outside  the  slip  stream  at  100  feet  per  second,  ft  i 
sidercd  as  varying  as  the  square  of  the  speed,  or  V^.  From 
VIII  the  resistance  Hz  has  a  value  of  50.3  pounds  at  100  fe 

^120= 


72.5  pounds,  and  acts  1.51  feet  ahore  the  line  of  thrust. 

It  is  evident  from  the  results  obtained  that  for  the  dea 
completed  to  tliis  jioint,  the  line  of  total  residual  resistant 
fall  (ronsiderubly  alH»ve  the  Hue  of  thrust.  At  the  maximum 
required,  120  feet  per  second,  the  total  residual  re^stance  i 
140,2  pounds  acting  0.77  foot  ubo\'e  the  line  of  thrust,  st 
Hc«',s>iar.v  either  to  raise  the  line  of  thrust  or  shift  the  win 
slightly.     It  is  important,  bowevet,  Vi  msJte  ^Joa  u 
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for  balance  for  that  speed  at  which  i  for  the  wmgs  equals 
^rees,  as  then  the  tail  is  floating.  Now,  when  i  equals  3 
■"^^i  Ky  equals  0.00055,  hence  V  must  be  88.5  feet  per  second, 
^c^  Rt  equals  39.5  pounds  and  the  total  residual  resistance 
"  ^  equals  107.2  pounds  and  acts  at  0.55  foot  above  the  line 
Hrust  It  is  therefore  necessary  to  shift  the  line  of  thrust 
^rd  0.6  foot,  which  will  give  a  satisfactory  balance  and  will 
^  the  additional  advantages  of  bringing  the  line  of  thrust 
ner  to  the  e.g.  and  of  slightly  cutting  down  the  landing  gear 
jht  and,  therefore,  the  weight  and  the  head  resistance. 

The  tables  for  the  e.g.  and  for  the  residual  head  resistance  may 
^  be  corrected.  This  would  be  a  repetition  of  the  previously 
scribed  calculations  and  the  figures  for  the  amount  of  total  residual 
ad  resistance  which  have  already  been  obtained  would  hardly  be 
tered,  certainly  not  increased,  by  this  raising  of  the  line  of  thrust. 
ence,  as  Table  VII  and  Table  VIII  can  be  used  as  they  stand  for 
itennining  the  remaining  points,  the  correction  of  them  is  omitted 
■re  for  the  sake  of  brevity. 

The  model  wing  figures  are  once  more  resorted  to  in  order  to 
>tain  the  remaining  part  of  the  total  head  resistance,  the  drift 

the  wings,  Table  IX.  From  the  Kp  values  there  are  first 
Jtennined  the  speeds  corresponding  to  several  different  values  for  i 
ay  1,  4,  7,  10,  13,  and  16  degrees),  taking  into  account  the 
^nation  of  lift  to  drift  with  log  AV  before  quoted,  the  drift  /?/> 

the  machine's  wings  at  these  different  values  for  V,  By  the 
"cviously  determined  equation,  the  values  for  parts  /?2  of  residual 
distance  at  these  speeds  are  found;  while  parts  Ri  of  residual 
distance  are  constant  and  have  already  been  obtained.  Having 
ese  data,  the  curve  of  total  resistance  RT  may  now  be  plotted, 
i+Ri+RD'  If  from  the  curves  of  propeller  thrust  and  of  total 
distance  obtained  it  is  evident  that  the  resistance  will  be  less 
in  or  equal  to  the  thrust  at  the  maximum  speed  required,  then 
s  speed  is,  presumably,  attainable. 

Climbing  Speed.  It  remains  to  determine  if  the  maximum 
sible  climbing  speed  called  for  in  the  machine  can  be  attained. 
*  vertical  height  of  the  thrust  curve  above  the  totiil  resistance 
\re  at  any  point  along  the  base  gives  the  surplus  \\\tv\'&\.  «X 

coTteaponding  base  line  value  for  speed.     This  sutpVu^  liJtvtweX 
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TABLE  IX 
Table  for  Resistances 
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multiplied  by  the  value  for  speed  gives  a  value  of  foot-pounds  per 
second  available  for  climbing.  This  value  may  be  plotted  as* 
final  curve  for  power  available  for  climbing,  Fig.  21.  The  naa- 
mum  value  obtained  from  the  highest  point  on  the  ciir\-e  is  ttfli 
taken,  noting  the  speed  at  which  this  maximum  value  is  obtainel. 
This  greatest  value  of  power 
for  climbing  divided  by  the 
total  weight  of  the  machlM 
gives  the  best  climbing  rate 
of  the  machine  in  feet  p« 
second.  If  this  be  sufficiently 
above  the  requirements,  the 
preliminary  design  may  be 
considered  as  completed. 
Computatioji  of  Air  ClinA.* 
The  altitiiilc  at  any  time  of  an  aeroplane  climbing  at  its  man- 
mum  rate  is  rcprcKcntcd  approximately  by  a  law  similar  to  that  for 
the  rise  of  an  electric  current  in  an  inductive  circuit.  Thus,  if  A  be 
the  altitude  of  a  machine  at  the  time  t  and  //  the  ceiling  (maximum 
altitude  attainable  by  tlmt  maclnne)  there  results  the  relatioD 


=«0-.-4) 


in  which  n  is  the  base  of  the  natural  logarithms  and  7*  is  a  time 
which  by  analogy  with  the  electrical  equivalent  cited  may  be 
termed  the  time  constant  of  the  climb,  as  it  is  the  time  required  by 

*  "Fliffhi"  {London). 
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the  altitude  to  become  1 — —,  or  0.G32  of  its  final  value,  in  other 

words,  for  the  machine  to  rise  to  a  height  equal  to  0.632  of  its 
ceiling  (the  time  required  to  rise  to  the  ceiling  is  mathematically 
infinite).  With  the  exception  that  h  and  //  and  t  and  T  must  be 
measured  in  the  same  units  of  time  and  height,  respectively,  there 
is  no  restriction  in  this  formula  on  the  actual  units  used. 

It  is  accordingly  possible  to  find  expressions  for  the  rate  of 
dimb  at  any  tune  and  at  any  altitude,  as  well  as  an  expression 
for  the  ceiling  of  the  machine.  The  rate  of  climb  is  obtained  by 
differentiating  h  with  respect  to  t  and  is 

dr  T^     T 

an  equation  which  gives  the  rate  of  climb  in  terms  of  the  time, 

the  ceiling,  and  the  time  constant.     By  eliminating  the  exponential 

i 
«-^  from  both  of  the  foregoing  equations,  there  results  an  equation 

giving  the  rate  of  climb  in  terms  of  the  altitude,  the  ceiling,  and 
the  time  constant.    This  is 

dt      T\      h)        T 

and  shows  that  rate  of  climb  plotted  against  altitude  is  a  straight 
line.    Terming  the  rate  of  climb  r,  there  results 

rT=II-h 
or 

H^I1_ 
T 

which  equation  shows  that  when  r  is  plotted  against  A,  the  inter- 
cept H  of  the  straight  line  on  the  altitude  axis  is  the  ceiling  of  the 
machine  (when  the  rate  of  climb  r  equals  zero)  and  the  intercept 

-=  on  the  rate  of  climb  axis  is  the  initial  rate  of  climb,  that  is, 

the  rate  of  dimb  when  the  altitude  h  equals  zero. 

Ceiling  €f  Machine.    The  expression  for  calculating  t\ve  ee^\w% 
of  ibe  mBdiine  is  obtained  as  follows:  After  any  tim^  t  Itotdl  \Jsvp 
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starti  let  the  observed  altitude  of  the  aeroplane  be  hi,  and  after  a 
time  2ty  let  it  be  A2.    Then 


and 


hr^H(l-e-L^ 


Substituting  X  for  the  exponential  factor,  there  results 
and 


whence  by  division 


But  since 


therefore 


and 


h,- 

=11(1 

-^) 

hi 

l+X 

hi 
H 

l-X 

hi 
H 

"     hi 

H  = 

hi 

hi 

which  gives  the  ceiling  of  the  machine  in  terms  of  the  altitude  hi 
at  time  t  and  the  altitude  A2  at  time  2/  {t  may  be  at  any  time 
during  the  climb).  Consequently,  the  only  data  necessary  to 
calculate  the  ceiling  of  a  machine  is  its  altitude  after  any  time  and 
the  altitude  after  double  that  time. 

Illustrative  Example.    The  foregoing  analysis  may  be  repre- 
sented by  the  following  practical  example: 

Observations  of  a  given  machine  during  a  climbing  test  indicated  that  the 
altitude  is  related  to  the  time  after  the  start  according  to  the  following  tabular 

matter: 

Tirne  (min.) 

0  2.5       5.0       7.5       10.0       12.5        15.0       17.5       20.0       22.6 

AMiide  (ft.) 

0        3300    6150     8730    107W    \WSS    \\V^    VWfift    VSfiiO    17800 
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The  ceiling  of  the  madune  may  accordingly  be  calculated  by  taking  A|  as  10,760 
aft«r  ten  minutas  climb  and  hi  as  16,650  after  twenty  minutee,  from  whicH 
10760        10760 
"       16650  "0.«2e" 
10760 


-23770  ft. 


Jif,-Jl -1=0.5474 


-- =-=  log, 0,5474 -2.3026  log,, 0.5474 


The  initial  rate  of  climb  < 


2.3026X0.2617 

ceiling 


- 16.60  min. 
23770     , 


time  constant     16.60 
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1 

i 

ALTnvBc  (far) 

FIf '  32.     Rale  ol  CUmb  Cbut 

CourUtJ/ofFtiffhr'.  Londtm,  England 

Having  calculated  the  constaota  of  the  climb,  the  equations  fur  the  altitude 
at  any  time,  the  rate  of  climb  at  any  time,  and  the  rate  of  climb  iit  imy  altitude 
may  be  given.    They  are  reapectively 


A-23770(  1- 
r-14S2e---^ 


16.60/ 


^^B^^H 
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Prom  the  first  two  equatione  the  altitude  and  the  rate  of  climb  at  any  Ikv 
1  urc  calculable  and  the  figures  for  the  altitude  are  found  to  ^ree  very  elostly 
with  the  figures  already  givec,  as  far  as  they  go.     The  data  calculated  from  IW 
two  equations  are  tabulated  as  follows : 
Time  (min.) 

0     2.5      fi.O     7.5     10.0     12.5     15.0     17.8     20.0     22.5     25.0     27.5    30.0 
AUitude  (ft.) 

0  3320  6180  8640  10760  12575  U140  15485  16645  17640  18500  19240  19870 
Rate  of  dimb  (ft.  per  min.) 
1432     1232     1060     911     784     674     580     499     429     369     318     273    235 
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tion  of  an  aeroi)laiic  as  a  wliole,  tlie  method  of  assembling  a  machin* 
as  received  from  the  niaiuifacturer  is  outlined.  The  directions  gi^C 
here  are  taken  from  tlie  instructions  issued  by  the  Curtiss  Comptui)' 
for  the  assembly  of  their  standard  JN4-B  type,  the  part  numben. 
of  course,  ibcing  omitted.  With  the  exception  of  such  details  as 
this,  these  instructions  would  nat\a&\\^  «wVj  ^  'Sna  waiaiMi!!  d 
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any  similar  type  of  machine,  while  the  precautions  mentioned  are 
direcdy  applicable  to  the  carrying  out  of  this  process,  regardless 
of  the  type  of  machine. 

Fuselage  and  Panel  Cases.  As  shipped  from  the  factory,  all 
the  parts  of  the  machine  are  packed  in  two  cases  which  are  desig- 
nated by  the  names  of  the  largest  parts  they  contain,  viz:  (1)  fuse- 
lage, which  in  this  case,  covers  the  body  complete  with  the  motor 
installed;  and  (2)  panels,  or  wings.  In  addition  to  the  motor 
installed  in  place  on  the  bed,  the  fuselage  also  has  mounted  on  it 
the  instrument  board  and  instruments  all  connected  up,  the  car- 
bureter control  and  adjustment,  the  throttle  control,  the  spark 
advance  control,  and  the  magneto  cut-out  switch.  The  control 
bridge  is  in  place  and  the  tail  skid  is  attached  at  the  after  end.  The 
leads  (steel  cables)  attached  to  the  drum  and  wheel  of  the  control 
bridge  for  operating  the  ailerons  are  wrapped  around  the  seat  rails, 
while  the  leads  for  controlling  the  elevators  are  attached  to  the 
sides  of  the  U  bridge,  with  the  ends  already  passed  through  the 
fab-leaders  and  coiled  up  in  the  fuselage  back  of  the  pilot's  seat. 
The  rudder  control  wires  are  attached  to  the  foot  bar  (by  which 
they  are  operated  in  flight)  and,  leading  to  the  rear  end  of  the 
fuselage  cover,  are  there  coiled  up  ready  for  leading  through  the 
fuselage  for  attachment  to  the  rudder.  The  landing  gear,  com- 
pletely assembled  except  for  the  wheels  and  with  the  cross-bracing 
'^'ires  connected  up  but  not  tightened,  is  packed  in  this  case, 
rhe  wheels  for  the  landing  gear,  the  propeller,  and  the  exhaust 
Equipment  for  the  motor  are  also  in  the  fuselage  case. 

The  panel  case  (2)  contains  the  complete  wings  with  sockets 
^nd  hinges  already  attached,  the  transverse  and  longitudinal  wires 
^ing  attached  to  the  underside  of  the  upper  wing,  coiled  up  and 
^y  for  attachment  to  the  lower  wing.  The  aileron  control 
Pulleys  are  all  in  place  on  the  underside  of  the  upper  wing  and 
fie  aileron  control  cables  are  passed  through  these  pulleys  and 
oiled  up,  the  shackles  and  pin  at  one  end  being  to  attach  them 
t>  the  control  pylons  (masts)  of  the  aileron  and  the  turnbuckles 
t  the  other  end  being  to  fasten  them  to  the  control  lead  coming 
"om  the  control  bridge  and  through  the  side  of  the  fuselage.  This 
^  also  contains  the  elevators  and  rudder  with  the  cowttoV,  ox 
aerating,  pylons ^  removed.    All  control,  or  operating,  py\ow^  lo\ 
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the  ailerons,  elevators,  and  rudder  as  well  as  all  wing  struts  a 
engine  section  struts  are  packed  in  this  case. 

Handling  and  Opening.  In  handling  and  hoisting  then 
shipping  cases,  be  carcfid,  when  using  a  sling,  that  the  center  ( 
the  lift  comes  somewhat  forward  nf  the  center  of  the  case— a  p 
that  can  be  quickly  determined  by  trial  by  shifting  the  bridle  unfl 
the  case  rides  level.  After  first  noting  carefully  whether  the  si 
marked  top  is  upward,  place  the  fuselage  case  (1)  on  the  grouoi 
or  a  floor  so  that  it  has  a  firm  bearing  over  its  entire  lengA 
Unless  the  case  is  opened  with  the  top  uppermost,  there  is  diuip 
of  wrenching  the  motor  from  its  bed  and  also  of  straining  tl 
fuselage  in  turning  it  over  after  the  ease  is  opened.  The  posit« 
of  the  fuselage"  in  its  case  is  shown  in  Fig.  24.     First  pry  off  ll 


top  of  the  case,  then  remove  the  .sides  and  ends,  lca\'ing 
the  tottom  as  well  as  the  temporary  bracing  of  the  fui 
attached  to  it.  Next  remo\-e  the  propeller,  the  wheels  of 
landing  gear,  and  the  other  parts  packed  in  this  case  from 
parts  of  the  box  to  which  they  are  attached, 

BODV  ASSEMBLY 
Assembly   of   Landing   Gear.    The  assembly   of  the 
gear  and  its  attachment  to  the  fuselage  are  the  first  openl 
Mount  the  wheels  of  the  landing  gear  on  the  axle  and  fasten 
in  place  with  the  bolts,  nuts,  and  cotter  pins  provided.     The 
gear  is  then  ready  to  attach  to  the  fuselage,  which  must  he 
vated  for  this  purpose.     To  accomplish  tliis,  lift  the  fuselage 
the  bottom  of  the  case  and  block  up  its  forward  end  tem] 
Fig.  25.     In  order  to  elevate  it  to  the  height  neccs.'tary  to  run 
Jundiiig  gear  under  it  for  attachment,  Fig,  26,  raise  it  either  i 
the  aid  of  a  block  and  tacWe  ot  \iv  sVmv'i  iwA  "oWVint. 
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Bloclxmd' Tackle  Method,  In  case  the  block  and  tackle  are 
used,  pass  a  line  under  the  engine  bed  supports^  or  sills,  just  to 
the  rear  of  the  radiator.  To  this  line,  usually  termed  a  sling, 
ittach  the  hook  of  the  hoisting  block.    The  lifting  device  should 


Fig.  25.     First  Step  in  Blocking 

never  be  attached  in  any  other  manner,  as  there  is  danger  of 
crushing  or  otherwise  damaging  some  part.  With  the  fuselage  now 
resting  on  the  tail  skid,  lift  the  front  end  until  the  lower  longeron 
dips  for  the  attachment  of  the  landing  gear  struts  clear  the  land- 
ing gear.  These  cKps  on  the  lower  longeron  for  connecting  the 
front  struts  of  the  landing  gear  are  found  at  Station  3,  while  the 
cKps  for  connecting  the  rear  struts  are  at  Station  5.  (These  points 
we  mdicated  on  the  assembly  drawings  provided  by  the  manu- 
facturer.) 

When  the  clips  on  the  longerons  line  up  with  the  clips  on  the 
^ds  of  the  struts  of  the  landing  gear,  pass  down  through  the 
ioles  thus  aligned  the  bolts  with  lock  washers  under  their  heads, 
fhis  places  the  nuts  on  the  underside  of  the  connection,  thus  facili- 
^ting  assembly  and  inspection.     Draw  up  the  castellated  nuts  on 


Fig.  26.     Nearing  Completion  of  Blocking-Up  OptTiition 

liese  bolts  and  pass  cotter  pins  through  the  holes  drilled  trans- 
versely through  the  bolt  ends  and  spread  apart  to  lock  the  nuts 
^  place. 

After  the  landing  gear  has  been  completely  attac\\ed  to  \)cv^ 
f^lage,  elevate  the  tail  of  the  machine  and  support  \t  ou  a  Vox^, 
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Fig.  27,  blocks  being  inserted  until  the  upper  longeron  (longituditia^ 
beam  of  fuselage)  is  level.    Whether  this  condition  has  been  reache<l 
can  be  determined   by  placing  a  spirit  level  close  to  the  tft^^' 
between  Stations  10  and  12,  as  shown  in  the  assembly  drawings,  ^^ 
on  the  engine  bed  sills  forward. 

Blocking  Method,  If  the  second  method  of  raising  the  fusel^S^ 
is  to  be  employed,  remove  the  shipping  blocking  and  front  floori^^ 
of  the  shipping  case  from  under  the  forepart  of  the  fuselage 
Insert  a  block  under  the  bottom  longerons  at  Station  4>  thus  co^^* 
ing  ahead  of  the  point  on  which  the  fuselage  is  resting  as  shipp^^^ 
This  blocking  should  be  aligned  under  the  vertical  strut,  Fig. 
The  flooring  to  the  rear  of  the  blocking  should  then  be  removi 
By  lowering  the  tail,  elevate  the  nose  of  the  machine,  the  blockL 
mentioned  serving  as  a  fulcrum.    Block  up  the  nose  of  the  machii 


FiK.  27.     Fu^olaRf  Blorki'^cl  up  for  Attachment  of  I^Anding  Gear 

placing  the   supports   under  the  radiator  bracket,   not  under  f 
radiator.     If  the  tail  of  the  machine  is  now  raised,  the  nose  bloc 
ing  serves  as  a  fulcrum  and  the  fuselage  at  Station  4  clears  tt»^ 
blocking  at  that  point.     Block  up  again  at  this  point.  Station  ^' 
with  wedges  until  the  support  is  firm  against  the  lower  longeroim^' 
Fig.  2().     Depress  the  tail  to  elevate  the  nose  slightly  higher  au^ 
increase  the  blocking  at  that  point,  alternating  these  operation^ 
until  the  nose  of  the  machine  is  high  enough,  with  the  tail  of  tb^ 
machine  on  the  ground  and  the  blocking  at  Station  4  removed,  to 
run  the  landing  gear  below  it,  Fig.  27,  before  the  horse  has  been    , 
placed  beneath  the  tail. 

Horizontal   Stabilizer.    After   the   upper   longeron   has  been 

leveled,  Fig.  27,  assemble  the  horizontal  stabilizer  to  the  tail  of  the 

fuselage,  the  disposition  of  this  part  being  shown  in  the  upper 

view  in  Fig.  28.    Each  upper  \oiigetoTv  \\^  wMb  \^  Vrf*.  ^aod  four 


Ifg.  28.     Detoib  oT  Tail  l^uit  Aasembly 
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standard  bolts  tied  together  in  pairs  on  the  under  surface  of  the 
longeron  by  two  connecting  plates  fastened  to  it.  These  bolts  have 
their  legs  pointed  upward  and  serve  to  hold  the  horizontal  stabil- 
izer in  place.  These  bolts  are  disposed  as  follows:  the  U  bolt  is 
located  just  ahead  of  Station  9  and  secures  the  leading  edge  of  the 
stabilizer;  and  the  four  bolts  arranged  in  pairs  are  located  approxi- 
mately midway  between  Stations  10  and  11  and  engage  the  front 
beam  of  the  stabilizer.  Align  the  horizontal  stabilizer  over  these 
bolts,  placing  the  washer  plate  on  the  upper  surface  of  the  stabil- 
izer over  the  intermediate  set  of  bolts  between  Stations  10  and  h 
and  placing  the  two  bolts  on  each  side  of  the  tail  post  at  the  upper 
longeron  level.  Draw  up  each  nut  until  the  hole  drilled  through 
the  bolt  becomes  clearly  visible  through  the  castellations  of  the 
nut  and  then  pin  the  bolt. 

Vertical  Stabilizer.     Next  fasten  the  vertical  stabilizer  to  the 
horizontal  stabilizer  by  means  of  the  bolts  which  pass  through  the 
forward  and  after  parts  of  the  horizontal  stabilizer  and  the  flexible 
stay  lines  running  from  the  top  of  the  vertical  stabilizer  to  the 
upper  surface  of  the  horizontal  stabilizer.     The  forward  bolts,  pass 
through  the  clip  at  the  lower  point  of  the  vertical  stabilizer.    The 
bolts  which  are  fastened  to  the  tail  post  of  the  fuselage  and  engage 
the  after   end   of  the   horizontal   stabilizer   also   engage   the  lugs 
fastened  to  the  bottom  edge  of  the  vertical  stabilizer  at  the  rear. 
Turnbuekles   are   employed   on   the   cable   braces   of   the   vertical 
stabilizer  to  align  it  and  hold  it  firmly  in  place.    The  horizontal 
stabilizer  and  the  vertical  stabilizer  are  more  generally  known  as 
the  tail  plane  and  the  vertical  fin.     In  outlining  these  instructions, 
much  of  the  detail  regarding  part  numbers  and  the  like  is  omitted 
and  the  references  to  the  various  bolts  and  clips  employed  are 
inserted  merely  to  give  the  student  an   idea  of  the  number  of 
fastenings  necessary  to  keep  the  various  parts  in  place. 

Rudder.  Attach  the  control  braces,  or  pylons.  Fig.  28,  to  the 
rudder.  These  braces  are  so  placed  that  the  upper  tips  point 
toward  the  hinge  line,  as  in  this  manner  the  holes  will  register. 
Before  mounting  the  rudder,  check  the  vertical  stabilizer  assembly 
in  order  to  make  certain  that  it  is  in  plumb  alignment  with  the 
tail  post.  This  check  is  absolutely  necessary  to  insure  perfect 
alignment  of  the  hinges  in  the  vei\^caX  ?XaSaX\ifcx  ^\A\Ki<^  Wl  post; 
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zer,  or  tail  plane,  by  means  of  hinges  and  hinge  })ins  in 
manner  as  the  rudder  is  attached  to  the  vertical  stabil- 
3t  that  the  hinge  hes  horizontally.  The  hinge  pins  are 
lace  by  means  of  cotter  pins  in  the  same  manner  as  on 
r. 

WINQ,  OR  PANEL,  ASSEMBLY 

le  Section  Panel.  Before  the  main  panels,  or  wings,  can 
ted  to  the  fuselage,  the  engine  section  (also  frequently 
>  as  the  center  section)  panel  must  be  erected.  Set  the 
3tion  struts  into  place  in  their  sockets  on  the  upper 
of  the  fuselage.  Fasten  the  forward  posts  approximately 
sroper  places  by  means  of  the  flexible  wire  lines  to  be 
led  up  and  temporarily  fastened  under  the  cowl  in  the 
apartment,  and  erect  the  rear  struts  in  the  same  manner 
aid  of  the  flexible  wire  lines  leading  from  the  lower 
it  Station  7  and  packed  for  shipment  in  the  after  cowl, 
int  the  engine  section  panel  on  the  struts  after  the  front 
I  bracing  between  the  posts  is  approximately  trued  up. 
i  up  the  engine  section  panel  posts  and  wires,  prior  to 
"eotion,  by  adjusting  all  matedy  or  similar,  wires  to  the 

Wings.  The  main  panels,  or  wings,  are  now  ready  to 
ed  to  the  machine.  This  may  be  done  by  either  of  two 
the  first  of  which  is  to  assemble  the  panels,  the  struts, 
mies  before  attaching  them  to  the  fuselage,  while  the 
to  attach  the  upper  plane  to  the  engine  section  and  then 
the  assembly.  The  first  method,  which  is  the  most  advan* 
ittoe  it  permits  the  setting  of  the  main  panels  at  approxi- 
le  ootiect  -stagger  &nd  dihedral  and  does  not  leic 
■irf  M^justment  as  the  second  method,  Va  gw 
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with.  All  the  main  struts  bear  numbers,  these  numbers  running 
from  /  to  8.  The  method  used  in  numbering  the  posts,  or  struts, 
is  as  follows:  Starting  with  the  outer  post  on  the  left-hand  side 
of  the  pilot  facing  forward  as  post  1,  the  front  posts  are  num- 
bered successively  from  1  to  4>  posts  1  and  2  being  on  the  left 
side  and  posts  3  and  4  on  the  right.  The  rear  posts  are  similarly 
numbered  from  5  to  5,  posts  6  and  6  being  on  the  left  and 
posts  7  and  8  on  the  right.  This  system  of  numbering  the  main 
struts,  or  posts,  is  illustrated  in  Fig.  29,  which  shows  that  the 
engine  section  struts  are  not  included.  It  insures  that  the  struts 
will  not  be  inserted  in  their  sockets  in  the  wrong  way,  as  the  numbff 
is  painted  on  the  strut  in  such  a  position  that,  when  the  struts  aie 
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Fig.  29.     System  of  Numbering  and  Assembling  Struts 


assembled  properly,  all  numbers  are  visible  from  the  pilot's  seat. 
Consequently,  if  a  strut  be  inverted  accidently,  the  fact  can  quickly 
be  detected. 

Panel,  Struty  and  Wire  Assembly.     Equip  the  upper  left  wing 
panel  with  the  front  and  rear  masts  by  inserting  the  masts  into 
their  sockets  on  the  upper  surface  of  the  panel  and  then  connect 
the  mast  wires  to  the  anchor  plates  located  on  the  upper  surface 
to  the  left  and  right  of  the  mast  socket.     Adjust  the  tension  of 
these  wires  by  means  of  the  turnbuckles  until  the  front  and  rear 
wing  beams  become  straight.     Stand  the  upper  left  wing  panel  and 
the  lower  left  wing  panel  on  their  leading  edges  (forward  edges), 
properly  supporting  the  panels  in   cushioned  blocks  to  prevent 
damage  to  their  edges.    Space  the  panels  apart  approximately  the 
length  of  the  struts.    Next  connect  up  the  diagonal  bracing  wires 
which  must  be  put  on  loosely  by  relieving  the  turnbuckles  so  that 
the  struts  can  be  placed  \i\  tVvevT  so^<&\a  -wsfiaswX.  ^kj  ^jbeuiiiiig. 
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The  wires  are  connected  up  before  the  struts  are  set  in  place, 
sbce  with  the  latter  in  place,  the  connecting  of  the  wires  to  the 
lugs  of  the  sockets  can  only  be  accomplished  with  difficulty.  After 
the  wires  are  connected,  insert  the  struts  and  bolt  them  into  place. 
Connect  the  landing  (single)  wires  and  the  flying  (double)  wires 
of  the  outer  bay  (outward  end  of  the  wings)  loosely  to  hold  the 
upper  and  the  lower  wings  together  as  a  unit.  The  outer  bay  is 
thus  completely  wired,  though  not  braced  as  yet  by  tightening 
the  wires. 

Attacking  Wings.  Now  attach  the  upper  and  the  lower  wings 
of  one  side,  as  assembled,  to  the  fuselage.  Extreme  care  i3  necessary 
in  this  operation  to  prevent  straining  or  breaking  the  wings.  As  a 
precaution,  use  boards  to 
carry  the  wings  and  blocks 
to  support  them  approx- 
iniately  in  the  correct 
position,  taking  care  to 
place  these  supports  under 
the  spars  of  the  wings  so 
that  the  latter  will  take 
the  load.  The  proper 
method  of  '  carrying  the 
assembled  wings  to  the 
fuselage  is  illustrated  in 
Kg.  30.  During  the  oper- 
ation of  attaching  the 
^ings  to  the  fuselage,  sup- 
port the  unit  at  the  outer  lower  strut  (not  beyond  this  point)  by 
Dieans  of  a  horse  and  blocking  or  a  sling  and  tackle  from  the  ceiling. 
The  use  of  horses  for  this  purpose  is  illustrated  in  Fig.  31.  The 
^gs  will  have  approximately  the  correct  stagger  if  assembled  in 
the  manner  described,  since  the  struts  are  in  place  and  the  cross- 
hradng  wires  are  adjusted  to  about  the  correct  length,  as  shipped, 
^rt  the  hinge  pins  through  the  hinges,  located  at  Station  i, 
%  31,  as  now  coupled  up. 

Adjugtment  for  Dihedral.    The  fuselage  must  now  be  leveled 
^  transversely  and  longitudinally.    Placing  a  spirit  VeveV  acto^^'s* 
^  two  engine  bed  supports  gives  the  transverse  kvd,  VtvAa 


Fig.  30.     Safe  Way  of  Carrying  Wing  Unit 
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placing  the  level  fore  and  aft  on  the  longerons  aft  of  Station  B  or 
on  the  engine  beds  gives  the  longitudinal  level.  Adjust  the 
tension  on  the  flying  and  the  landing  wires  until  the  proper 
dihedral  of  1  degree  is  established,  at  the  same  time  making  tk 


Fig.  31.     Method  of  Supporting  Assembled  Wing  Unit  for  Attachment  of  Fuselage 

leading  and  trailing  edges  straight  and  parallel.  The  amount  of 
lift  for  the  dihedral  angle  given  is  2J  inches  in  13  feet  6  inches^ 
the  distance  from  the  inner  edge  of  the  panel  to  the  center  line 
of  the  outer  strut,  Fig.  32.  An  easy  method  of  checking  the 
correct  adjustment  of  the  dihedral  angle  is  to  place  a  block  2\ 
inches  high  on  the  upper  surface  of  the  lower  wing  at  the  extreme 


Fig.  32.     Method  of  Checking  Dihedral 

inner  edge.  A  straightedge  resting  on  this  block  and  on  th^ 
upper  surface  of  the  wing  when  kept  parallel  to  the  front  or  rea^ 
spar  should  be  level,  Fig.  32. 

The  dihedral  angle  may  also  be  checked  by  using  a  lighC 
frit  level,  suspended  from  a  atrm^  ^Xx^xOaRdi  ON«t  ^Sbr  ^veo 
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mge.  If  a  block  2|  inches  high  be  clamped  to  the  inner  edge  of 
iie  panel  and  a  line  pulled  taut  from  this  block  to  the  center  line 
t  the  outer  beam,  the  level  suspended  next  to  the  block  will  be 
ufficiently  sensitive  to  determine  the  required  degree  of  dihedral. 
n  case  the  outer  end  of  the  wings  is  too  high,  the  landing  (single) 
rires  are  too  short  and  the  flying  (double)  wires  are  too  long. 
Hence,  loosening  up  equally  on  the  inner  and  outer,  front  and  rear, 
Ijing  wires  will  correct  this  condition.  If  the  panels  are  too 
low— insuflBcient  dihedral — ^reversing  the  method  described  will 
correct  this  condition. 

Adjustment  for  Stagger.  The  next  operation  is  to  adjust  the 
tension  of  the  longitudinal  cross  wires  for  stagger.  A  plumb  line 
dropped  from  the  leading  edge 
of  the  upper  wing  should  meas- 
ure 12^  [inches  from  the  lead- 
ing edge  of  the  lower  wing.  If 
the  distance  be  less  than  this, 
the  line  leading  from  the  lower 
wing  front  socket  to  the  upper 
wing  rear  socket  is  too  long. 
Hence,  drawing  up  on  this  line 
and  lengthening  the  cross  line  at 
the  same  time  will  correct  this 
condition.  If  the  distance  is 
Diore  than  12^  inches,  reverse 
the  corrections  of  wire  lengths, 

Pig. :«. 

Final  Adjustments.  Check 
the  dihedral  to  see  if  it  has  been  ^^^^  ^^'  ^^''^"^^  "^  ^^""^'"^  ^'^^^'' 
Curbed  while  setting  the  wings  for  stagger.  Also  check  by 
sighting  the  alignment  of  the  front  and  the  rear  beam  as  well  as 
^e  parallelism  of  the  leading  and  the  trailing  edge.  If  the  edges 
^  not  parallel,  the  adjustment  of  the  landing  wires  in  the  inner 
hayi  next  to  the  fuselage,  will  generally  make  them  so.  Fasten 
the  wing  skids  on  the  underside  of  the  lower  wing  to  the  sockets 
^'i'ectly  under  the  outer  struts.  Bend  all  the  cotter  pins  apart  and 
^  the  tumbuckles  with  safety  wires.  First  pass  a  solt  Vvt^ 
'Ji'ough  the  eye  of  one  shank  of  the  turnbuckle,  t\ieu  mud  tJ[v^ 
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wire  four  or  five  times  around  the  shank,  the  shorter  loose  end  oi 
the  wire  being  wrapped  under  the  windings,  and  next  pass  the  free 
end  through  the  hole  in  the  center  of  the  barrel  and  through  the 
eye  of  the  opposite  shank,  wrapping  this  free  end  around  this 
shank  and  wire.  This  effectively  locks  the  tumbuckles.  The 
right  side  of  the  machine,  upper  and  lower  wing  unit,  is  assembled 
in  the  same  manner.  As  the  method  just  described  is  the  bettw 
of  the  two  available,  the  second  is  not  given  here. 

Adjustment  of  Ailerons.    After  having  mounted  control  braces 
to  the  ailerons,  attach  the  latter,  one  on  each  side,  to  the  machine, 
locking  the  hinge  pins  in  the  way  already  described  in  connection 
with  the  elevators  and  the  rudder.    Support  the  ailerons  tempo- 
rarily so  that  their  trailing  edges  are  1  inch  below  the  trailing  edges 
of  the  upper  wings.    Then  connect  up  the  flexible  tie  line,  which, 
passing  over  the  top  of  the  upper  wings  and  through  fair-leaders, 
is  connected  at  tlie  center  by  a  turnbuckle.     After  passing  through 
pulleys  attached  to  the  upper  surface  of  the  front  spar,  this  cable  is 
attached  to  the  upper  control  brace  of  the  aileron  by  means  of  a 
shackle  and  pin.     This  lead  is  allowed  so  that,  when  in  flight,  the 
force  of  the  lift  will  raise  both  ailerons  somewhat  and  bring  their 
trailing  edges  on  a  line  with  the  trailing  edges  of  the  wungs.    The 
end  of  the  aileron  control  line  attached  to  the  control  bridge  is 
then  led  through  the  hole  in  each  side  of  the  fuselage  between  the 
front  and   rear   seats.     Uncoil   the   connecting   line   which  passes 
over  the  pulley  attached  to  the  lower  surface  of  the  upper  wing 
near  the  front  outer  strut.     Attach  the  shackle  and  pin  end  to  the 
lower  control  brace  of  the  aileron  and  attach  the  turnbuckle  end 
to  the  loop  of  the  aileron  control  lead  which  is  attached  to  the 
bridge  and   which   passes  through  the  side  of  the  fuselage.    In 
making  this  last  attachment,  so  arrange  the  leads,  by  moving  the 
wheel  oiy'the  bridge,  that  the  lengths  projecting  through  the  fuse- 
lage ar^  e(f\ial. 

/   ' 

f       ,  CONTROL  ADJUSTMENTS 

Redder  Control  Adjustment.    Uncoil  the  lines  attached  to  the 

rudder  bar  and  lead  them  out  through  the  upper  surface  of  the 

rear  find  of  the  fuselage  cover,  and,  keeping  the  rudder  control 

bar  sk  right  angles  to  the  longitudmsX  am  ol  ^^  TDM^oasu^  fasteA 
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ends  to  the  control  braces.  Next,  take  up  the  slack  of  the 
.  by  means  of  the  tumbuckles,  adjusting  the  tension  equally  in 
.  set.  The  rudder  control  (foot  bar)  should  remain  at  right 
es  to  the  longitudinal  axis  of  the  machine  when  the  rudder  is 
it  neutral,  or  in  a  vertical  plane  through  this  fore  and  aft  axis. 
Elevator  G>ntrol  Adjustment.  Maintain  the  elevators  tempo- 
ly  in  the  plane  of  the  horizontal  stabilizer  (neutral  position)  and 
•e  the  U  bridge  forward  until  the  distance  between  the  instru- 
it  board  and  the  nearer  surface  of  the  tube  of  the  bridge  is  9 
les.  By  fixing  this  distance  from  the  instrument  board,  or 
1,  to  the  back  of  the  bridge,  a  slight  lead  is  given  to  the  control 
a  greater  range  provided  for  raising  the  elevators.  Uncoil 
wires  leading  from  the  clips  attached  to  the  sides  of  the  bridge 
coiled  up  aft  of  the  pilot*s  seat.  Pass  the  wire  attached  to  the 
;r  clips  out  through  the  side  of  the  fuselage,  through  the  lower 
he  two  vertical  holes,  aft  of  the  pilot's  seat.  With  the  bridge 
ed  or  otherwise  fastened  at  the  9-inch  position,  connect  this 

to  the  upper  control  brace  of  the  elevator.  Then  repeat  the 
ation  for  the  other  side  of  the  machine. 
Similarly,  the  wire  attached  to  the  upper  clip  on  the  U  bridge 
issed  through  the  upper  hole  in  the  side  of  the  fuselage  and 
Aed  to  the  lower  control  brace  of  the  elevator.  Fasten  the 
ble-tubing  fair-leaders  on  the  upper  brace  control  wire  to  the 
ing  edge  of  the  horizontal  stabilizer.  Adjust  the  tension  of 
3  control  cables  so  that  they  have  an  equal  degree  of  tautness 
the  elevator  will  then  be  in  neutral  for  this  position  of  the 
56.  The  various  references  to  the  U  bridge,  aileron,  rudder, 
elevator  control  can  be  understood  by  studying  Fig.  34,  which 
trates  the  different  control  units  complete  in  perspective. 
a  this  illustration  note  that  the  control  is  in  duplicate  throuc^h- 
so  that  the  machine  may  be  operated  from  either  the  pil 
3bserver*s  seat.  The  control  cables  which  pass  out  throi 
i  of  the  fuselage  are  clearly  shown  in  Fig.  35,  while  a  h 

of   the  complete  machine   is  shown  in  Fig.  3G.    Tht 
lining  operations  are  to  bolt  the  propeller  on  the  motor  i 
attach  the  nose  wires  on  the  nose  of  the  machine  to  the  ini 
iate  struts,-  front  and  rear.    The  lower  wire  coi 
r  Aunt  socket  on  the  upper  surface  of  the  lower 
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upper  wire  connects  to  the  upper  rear  socket  plate  on  the  unda^  I 
side  of  the  upper  panel  after  the  panels  are  completely  attacked  I 
to  the  fuselage  with  the  stagger  and  dihedral  properly  corrected.  I 
Inspection.  After  all  the  parts  are  in  place  and  all  connections  I 
properly  made,  the  complete  machine,  must  be  carefully  inspected.  I 
Examine  every  shackle,  bolt,  nut,  cotter  pin,  and  tumbuckle  to  I 
make  certain  that  all  bolts  have  been  turned  home  and  secured  I 
with  the  cotter  pins  properly  spread  and  that  all  tumbuckles  are  I 
guarded.  Try  out  all  controls  for  action  and  freedom  of  movement  I 
and  see  that  all  brace  wires  are  taut  but  not  so  taut  that,  when  I 
plucked,  they  sing.  I 

TRUINQ   ASSEMBLY  I 

Necessity  of  Accuracy.    It  is  evident  that  in  addition  to  the  I 
great  care  and  accuracy  that  are  necessary  in  the  making  of  even'  I 
part  of  an  aeroplane,  equally  painstaking  work  is  called  for  in  I 
the  assembling  of  the  various  members  in  their  proper  relative  I 
positions  and  at  the  correct  angles  to  one  another.     The  methods  | 
employed  in  truing  up  the   complete    construction  \\all  naturally 
vary  according  to  the  type  of  machine  under  consideration,  but. 
as  they  are  all  based  on  the  same  fundamentals,  an  explanation  of  ! 
those  employed  in  connection  with  a  few  types  of  standard  machines 
will  suffice  as  an  outline. 

Truing  Body.  The  first  point  to  be  taken  up  is  the  truing 
of  the  body  of  the  machine.  In  the  pusher  type  of  aeroplane,  the 
body  is  generally  rectangular  for  the  greater  part  of  its  length,  but 
in  the  tractor  type,  it  is  longer  and  tapers  off  toward  the  tail  unit 
The  body  of  the  pusher  type  is  usually  in  one  piece,  while  that  of 
the  tractor  is  often  built  in  two  parts,  one  of  which  mounts  the 
engine  bearers  and  the  pilot's  and  the  observer's  seat  and  the  other 
forms  the  tail  support.  The  adjustment  of  the  body  of  the  pusher 
type  does  not  present  any  difficulty. 

Pusher  Body,  A  plan  and  side  elevation  of  the  skeleton  of  the 
body  of  the  aeroplane  are  shown  in  Fig.  37.  It  is  evident  from  the 
diagram  that  all  the  bays  in  the  structure  form  rectangles  and  it  is 
obvious  that,  if  the  diagonals  be  equal,  the  rectangle  measured  is 
true.  The  method  of  truing  such  a  body  is  first  to  insure  that  it 
is  horizontal  both  longitudmaWy  aiv^lTWcvsN^K^^j,  TtufeVoiisi^Qf 
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the  struts  and  the  spacing  of  the  strut  sockets  should  be  checked. 
CIn  the  quantity  manufacturing  methods  practiced  in  this  country, 
all  parts  and  the  spacing  of  drilled  holes  are  made  according  to 
accurately  finished  jigs  and  templets,  that  is,  master  patterns,  so 
that  this  checking  would  be  unnecessary.) 

Take  points  at  the  tops  and  bottoms  of  the  struts  as  shown 
hy  A,  B,  C,  and  D,  Fig.  37.  These  points  must  be  on  the  center 
line  of  the  struts  and  preferably  equidistant  from  the  center  line 
of  the  body,  although  the  distance  of  the  top  points  from  the 
center  line  need  not  be  equal  to  the  distance  of  the  center  line 
from  the  bottom  points,  provided  the  two  points  at  the  top  of 
each  bay  have  the  same  relative  position   and  likewise  the  two 
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Fig.  37.     Plan  and  Elevation,  Framing  of  Puahor  Typo  Body 
CourUty  of  Maurice  Farman,  "The  Aeroplane",  London 


ottom  points.  If  possible,  mark  these  points  on  bolt  lieads  or 
ther  metal  parts  to  avoid  marring  the  finish  of  the  wood  parts. 
hen  cross-trammel  each  bay,  in  turn,  checking  AC  with  BZ),  for, 
•  course,  they  must  be  exactly  equal.  True  the  cross  bracings  of 
le  floor,  as  shown  by  the  plan  view,  in  a  similar  manner. 

Tractor  Body,  The  tractor  body  is  much  more  complicated. 
rhen  built  in  two  units,  true  each  separately.  When  the  shape 
the  forward  part  is  rectangular,  true  it  in  the  manner  just 
>scribed  for  the  pusher  type.  In  the  tail  part,  attach  a  line  to  a 
>int  at  the  bottom  of  the  last  strut  A,  shown  in  the  side  eleva- 
jn.  Fig.  38.  Measure  the  distance  from  fi  to  A  and  m^iV  o^ 
tat  distaaee  an  the  strut  at  the  other  end  of  the  atructvite  CD- 


there  results  a  series  of  rectangles,  ABFO,  FOB  I,  ete.  Hiii 
rectangle  in  turn  and  trammel  it,  the  bracing  wires  bang  ttdl 

until  the  diagonals  of  the  rectangles  are  equal.  Take  greai 
when  tightening  one  bracing  wire  to  slack  off  its  counterpa 
otherwise  the  strut   will   buckle.     When  it  comes  to  the 
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Fie.  38.    Plan  and  Elevation  Tractor  Type  Body 


meling  of  the  top  and  the  bottom  bays  (shown  in  the  plan), ; 
must  be  taken  on  each  transverse  strut  or  on  the  lon^tw 
that  is,  ABCD,  It  is  not  necessary  to  have  rectangles  becau 
longitudinals  are  at  an  eoual  ande  to  the  center  line  of  the 
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Hiding  poiDt  on  the  strut  NO  at  0,  thus  giving  the  rectangle 
lesireti.  When  both  parts  of  the  body  have  been  fastened  together, 
ie  i-enter  hnes  of  the  two  parts  must  coincide. 

A  IxKly  such  as  the  one  illustrated  by  Fig.  3S  is  true  in  a 
lorizontal  direction  when  the  top  longitudinals  are  in  a  straight 
ine.  The  best  way  to  effect  this  is  to  get  the  front  part  horizontal 
ind  then  bring  the  tail  portion  level  with  it,  checking  it  by  means 
>f  &  spirit  level  on  a  long  wooden  straightedge,  the  latter  lying 
equally  along  the  longitudinals  of  both  parts.  To  check  the  body 
or  ulignment  in  a  transverse  direction,  attach  the  two  rods  S  T  and 
It  of  equal  length,  Fig.  38,  at  about  the  positions  shown,  the 
oda  of  the  ro<Is  being  equidistant  from  the  center  line  of  the 
«dy.  Stretch  the  lines  to  join  SX  and  TY;  then  it  any  two 
airs  ijf  measurements,  such  as  P  and  Q  and  V  and  11',  respec- 
ively,  are  equal,  the  whole  structure  is  in  line.  Any  faults  in 
tie  alignment  have  to  be  remedied  at  the  points  where  the  ends 
f  the  longitudinals  are  joined  together.  For  example,-  if  the 
Dint  B  (side  elevation)  were  above  the  horizontal  line,  the  bottom 
mgitudinals  would  have  to  be  shortened  slightly  at  the  ends;  if  it 
ere  below  the  horizontal  line,  the  top  longitudinals  would  require 
itting  away.  Naturally,  great  care  must  be  exercised  in  cutting 
ray  any  material,  since  it  cannot  be  replaced. 

Truing  Assembled  Machine.  The  machine  must  first  be 
ocked  up  in  a  position  corresponding  to  its  best  flying  angle, 
at  is,  when  the  aeroplane  is  level  longitudinally  and  transversely, 
leok  the  longitudinal  line  by  placing  a  spirit  level  on  the  engine 
irers  and  raising  or  lowering  the  tail  until  the  bubble  is  centered, 
len  place  the  level  on  a  straightedge  across  the  engine  bearers  and 
>ck  tip  the  wheels  until  the  transverse  Une  of  the  machine  is 
el.  Next  brace  the  wings  true  with  the  body,  so  that  corre- 
mdtiig  points  on  each  wing  will  be  at  equal  heights  above  the 
rizontal.  To  measure  this,  clamp  a  long  wooden  straightedge 
Jer  the  body.  Fig.  39,  and  check  the  space  between  the  top  of 
t  straightedge  and  the  leading  edge  of  the  planes  as  shown  at 
y.  If  these  di.stances  are  unequal,  make  the  adjustment 
J  bracing  wires  EF,  Oil,  IJ,  and  KL.  All  the  wires  must 
under  an  equal  strain,  as  otherwise  the  wiivgs  wU  be 
A  Srui}  dieck  can   be  made   by  measuring  t\ie  d!\sta.ncsa 
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AB  and  AC,  A  being  a  point  on  the  top  center  portion  and  B 
and  C  similar  points  on  the  lower  wings. 

Checking  Dihedral  Angle  of  Wings.  In  many  types  of  aero- 
planes, the  wings  are  not  in  a  straight  Une  but  are  placed  at  a 
slight  angle  to  each  other,  known  as  the  dihedral  angk.  The 
correctness  of  this  angle  may  be  verified  by  stretching  a  line  across 
the  wings  from  two  similar  points  0  and  P  and  then  measuring  the 
distance  D,  Fig.  39.    The  distance  D  is  equal  to  the  sine  of  the 


Fig.  39.     Truing  the  Complete  Assembly 

angle  made  by  the  wings  with  the  horizontal  multiplied  by  the  dis- 
tance AP,  Adjustments  in  this  case  are  made  with  the  wires  EF, 
Gil,  LJ,  and  KL,  Alterations  in  the  length  of  the  bracing  wires 
are  always  made  by  starting  with  the  inside  hays,  that  is,  those 
having  the  wires  EF  and  IJ,  and  the  same  precaution  regarding 
the  slacking  off  of  corresponding  wires  in  the  same  bay  must  be 
observed.  This  is  particularly  important  in  the  case  of  the  bracing 
wires  between  the  wings,  because  the  interplane  struts  buckle  very 
easily.  If  a  plumb  line  is  dropped  down  the  center  line  of  a  strut, 
any  buckling  is  readily  detected. 

Checking  Gap.  Assembly  drawings  always  give  the  proper 
distance  l)etween  the  wings,  or  gap,  at  various  points  along  their 
length,  so  that  the  gap  may  be  checked  by  the  simple  and  rough 
method  of  cutting  a  rod  to  the  proper  size  and  inserting  it  between 
the  wings,  the  best  place  being  at  a  point  near  the  struts,  between 
the  main  longitudinal  spars  of  the  wings.  These  spars  can  easily 
be  felt  under  the  fabric.  An  improvement  on  this  method  is  to 
make  an  adjustal)le  rod  consisting  of  a  length  of  steel  tubing  with 
a  plug  at  one  end  and  a  sliding  sleeve  at  the  other.  One  set  rf 
graduations  is  marked  off  ou  t\\e  lw\>e  «cA  ^\v^>icL^  wil  the  sleeve. 
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Hie  graduations  on  the  tube  mark  distances  between  the  ends  A 
uid  B  when  the  center  mark  on  the  sleeve  is  in  line  with  the 
pointer  P,  Fig.  40,  which  slides  in  a  slot  in  the  tube  and  which 
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FSc.  40.    AdjiBlabla  Rod  lor  ClwFkiii|  Cap 

:an  be  set  to  any  of  the  graduations  on  the  tube.  The  marks  on 
Jie  sleeve  are  preferably  small  fractions  of  an  inch,  such  as  A,  with 
I  center  mark.  To  use  this  adjustable  stick,  the  gap  length  is 
alten  from  the  assembly  drawing  and  the  pointer  is  set  to  corre- 
pond.  The  stick  is  placed  between  the  wings  at  the  proper  point 
nd  any  difference  in  the  length  of  the  gap  is  shown  by  the  center 
twrk  on  the  sleeve,  which  is  either  above  or  below  the  pointer 
fhen  both  ends  of  the  stick  are  touching  the  spars. 

The  only  way  to  obtain  the  correct  gap  is  to  use  great  care 
1  setting  up  the  struts.  They  should  be  cut  to  dead  lengths  and 
ben  fitted  square  in  the  sockets,  the  whole  area  of  the  ends  of  the 
truts  butting  evenly  against  the  pads  or  bottoms  of  the  sockets, 
lere  being  not  the  slightest  shake  or  looseness  anywhere.  If  this 
not  carefully  carried  out,  it  will  mean  en<lless  trouble  when  the 
^roplane  is  assembled. 

Checking  Staj^er.  In  u  biplane  of  the  staggered  tjpe,  the 
ethod  of  checking  the  stagger  is  to  suspend  a  plumb  line  from 


Tit.  41,     Chwking  Sister  of  Wins 


;  top  wing  and  measure  the  distance  between  the  string  and 
i  leading  edge  of  the  lower  plane.  The  method  of  ina.VLm%  \!kv% 
■BsunoneDt  ia  sbowa  at  d,  Fig.  41.    Alterations  m  tVe  sAaifi^^ 
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are  made  by  means  of  the  wires  AB  and  CD  and  are  checked  up 
by  the  correct  distances  shown  on  the  assembly  drawings. 

Checking  Angle  of  Incidence.    Fig.  41  may  also  be  used  to 
illustrate  the  angle   of  incidence  of  the  planes.    This  angle  is 
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Fiff.  42.     Gagp  for  Checking  Angle  of  Incidence 

shown  on  the  drawing  by  0,  In  order  to  verify  the  correctness 
of  the  incidence  given  to  the  planes^  an  incidence  gage  is  used, 
Fig.  42.  This  gage  consists  of  a  straightedge  on  one  end  of  whiA 
is  attached  a  protractor  and  a  spirit  level.  The  gage  is  laid  along 
the  under  surface  of  the  plane,  and  the  spirit  level  is  moved  until 
the  bubble   is  centered.    The  level,   being  attached   to  the  pro- 


FiK   4:?.     Methcxi  of  Truing  Fore  and  Aft 


tractor,  is  moved  with  the  latter  through  the  angle  necessary  to 

bring  the  bubble  in  the  center.     This  angle  is  indicated  by  the 

pointer  and  is  equal  to  the  incidence  angle  given  to  the  wing. 

///  case  it  should  not  be  corr^t,  \>Ae  xvwxasKrs  ^^V^steueats  lit 
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le  by  means  of  diagonal  wires  between  the  struts  as  shown  in 
.41. 

Leveling  Tail  Plane.  The  fixed  tail  plane  is  easily  leveled  by 
cdng  a  straightedge  along  the  top  and  sighting  from  the  stralght- 
;e  to  similar  points  on  the  main  planes  on  either  side  of  the 
ly  or  by  tranmieling  from  the  bottom  surface  of  the  tail  to 
nts  on  the  leading  edge  of  the  planes.  The  tail  plane  is  fairly 
all  and  is  rigidly  fixed  by  means  of  plates  or  sockets  to  the 
1,  so  that  it  is  not  very  difficult  to  true  up. 

Final  Checlc.  In  order  to  make  certain  that  the  whole 
ichine  is  lying  true  fore  and  aft,  take  measurements  from  the 
tremity  of  the  propeller  shaft  to  points  on  the  ends  of  the  wings, 
at  /IjB  and  AC,  Fig.  43,  also  from  the  rudder  post  to  other 
ints  on  the  ends  of  the  wings  as  shown  by  the  lines  DE  and 
F.  Each  pair  of  measurements  must  be  equal.  In  case  they 
3  not,  the  necessary  corrections  are  made  on  the  wires  M  N,  OP, 
^\  and  RP. 

TESTING  AEROPLANES 

Introduction.  Prior  to  the  war  and  for  some  months  after  it 
?an,  the  test  to  which  an  aeroplane  was  subjected  previous  to 
?eptance  for  military  service  was  usually  limited  to  a  climb  of 
K)  feet  or  less,  as  measured  by  an  aneroid  barometer,  and  a  run 
T  a  given  speed  course.  If  its  performance  was  satisfactory 
this  simple  tryout,  nothing  further  was  considered  necessary, 
th  the  strenuous  competition  with  enemy  planes  that  shortly  set 
however,  it  was  soon  realized  that  it  was  the  performance  of 
machine  at  greater  heights  that  counted  most  and,  as  a  result, 
more  accurate  testing  of  aeroplanes  is  one  of  the  many 
inches  of  aeronautics  that  have  been  greatly  developed  during 
•  wat*.  The  object;  of  course,  is  to  ascertain  as  accurately  as 
Jsible  the  performance  of  a  machine  under  average  normal 
ither  conditions.  The  methods  outlined  here  are  those  adopted 
the  Royal  Flying  Squadron  (Great  Britain)  and  are  based  on 
general  principles  of  scientific  testing  as  first  developed  by  the 
^al  Aircraft  Works.  For  obvious  reasons,  full  details  of  the 
mer  of  carrying  out  the  tests  cannot  be  given,  iVvou^  \\.  tqjk^ 
added  ihat  so-called  scientiBc  testing  does  not  ent&W  wv^  Vv^ 
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degree  of  scientific  knowledge  on  the  part  of  the  tester.  In  any 
case,  the  accuracy  of  the  results  depends  upon  the  pilot  who  is  called 
on  to  exercise  a  degree  of  care  and  patience  unnecessary  in  ordinary 
flying.  Without  careful  experienced  flyers,  whose  judgment  can  be 
relied  on,  good  results  are  out  of  the  question.* 

FVoblems  of  Testing.    Before  attempting  to  describe  the  meth- 
ods in  question,  it  may  be  well  at  first  to  mention  briefly  some  of 
the  problems  involved.    Assume,  for  example,  that  it  is  desired  to 
ascertain  which  of  two  wing  sections  is  better  adapted  to  a  certain 
type  of  machine.    The   aeroplane  is  first  tested  with  one  set  of 
wings  (a)  subsequently  the  first  set  is  replaced  by  the  second  set  (b) . 
and  the  same  tests  are  carried  out.    The  results  may  be  expressed 
as  follows: 

(a)  Speed  at  10,000  ft.,  90  m.p.h.         Rate  of  climb  at  10,000  ft.,  250  ft.  permin. 

(b)  Speed  at  10,000  ft.,  93  m.p.h.         Rate  of  climb  at  10,000  ft.,  300  ft.  permin. 

Importance  of  Air  Deiisity.  It  is  matter  of  common  knowledge, 
however,  tliat  the  indications  of  the  aneroid  barorneter  may  be 
very  misleading.  Even  if  the  height  above  the  ground  is  the  same 
in  the  two  tests,  the  actual  conditions  of  atmospheric  pressure  and 
temperature  may  have  been  very  different  on  the  two  days.  The 
query  accordingly  arises — what  is  meant  by  10,000  feet?  Does 
the  reading  of  the  aneroid  mean  10,0(K)  feet  above  the  spot  from 
which  the  flight  was  begun  or  the  same  altitude  above  sea  level? 
The  important  questions  are — what  was  the  density  of  the  atmos- 
phere at  the  height  recorded  and  was  it  the  same  in  both  tests? 
If  not,  the  results  do  not  afford  a  proper  basis  for  accurate  com- 
parison. This  is  the  keynote  of  the  problem,  since  it  is  upon  the 
deuaity  of  the  atmosphere  that  the  whole  performance  of  an  aero- 
plane depends.  The  power  of  the  engine  and  the  efficiency  of  the 
machine  dejxMul  essentially  upon  the  atmospheric  density,  while  ; 
the  resistance  to  the  movement  of  the  machine  through  the  air 
is  proportional  to  the  same  factor,  as  is  also  the  lift  of  the  wings 
themselves.  None  of  these  properties  is  proportional  solely  to  the 
pressure  of  the  atmosphere,  but  all  are  proportional  to  the  density 
— that  is,  the  weight  of  air  actually  present  in  unit  volume.  It 
follows  that  it  is  essential  when  comparing  the  performances  of  two 

*i:\n'Tpu  from  a  papor  by  Capt.  \l.  T.  Tviatd.  R.F.C..  read  before  the  AuuiMUfin* 
Society  of  Groat   Britain. 
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TABLE  X 


Dan  Atmospheric  Pressure,  Temperature,  and 

Density 

at  Various  Heiglits  above  Sea  Level  j 

• 

I) 

Heicht 
(equiTBtent  ft.) 

Mean  Pressuro 
(milliban) 

Mean  Temp, 
(absolute  deg.  C.) 

Mean  Density 

(kilofl  per  cubic 

meter) 

•   •   •    •    • 

1014 

282 

1.253 

32g0 

900 

278 

1.128 

6560 

795 

273 

1.014 

9840 

699 

268 

0.909 

13120 

615 

262 

0.818 

16400 

568 

255 

0.735 

19680 

469 

248 

0.658 

22960 

407 

241 

0.589 

to  compare  them,  as  far  as  possible,  under  the  same  condi- 
atmospherie  density  and  not  merely  at  the  same  height 
B  earth,  since  the  density  of  the  atmosphere  at  the  same 
x)ve  the  earth  may  vary  considerably  on  different  days 
he  same  day  at  different  places. 

tion  between  Height  and  Density.  In  expressing  the  final 
Dwever,  this  principle  may  be  carried  too  far.  Thus,  if 
1  of  a  machine  were  given  as  40  meters  per  second  at  a 
1.8  kilo  per  cubic  meter,  the  results,  though  scientifically 

would  convey  little  to  the  majority  of  those  concerned 
3ts.  The  result  is  rendered  both  intelligible  and  useful  l)y 
g  it,  as  given  above,  as  *'90  m.p.h.  at  10,000  ft."  But  to 
itements  of  this  nature  consistent,  the  height  given  must 
a  certain  definite  density,  so  that  the  problem  reduces 
-what  is  the  actual  relation  between  atmospheric  density 
:ht  above  sea  level?  This  knowledge  is  obtained  from 
)gical  observations  and  the  available  data  are  given  in 
.  The  figures  represent  the  mean  results  of  a  long  series 
ations. 

convenient  to  select  some  standard  of  densitv  as  unitv 
*  to  all  other  densities  as  fractions  or  percentages  of  this 
density.  For  this  purpose,  the  density  of  dry  air  at  760 
sure  and  16°  C,  equivalent  to  1.221  kilos  per  cubic  meter, 

selected  as  the  standard.  The  reason  for  adopting  this 
bat  the  air  velocity  indicators  generally  used  aie  ^o  e,o\i- 
as  to  read  correctly  at  this  density,  assvmiing  tSaft  \»i^  'fi 
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TABLE  XI 

Standard  Atmospheric  Density  Conditions  at 

Various  Heights 


Height 
(ft.) 

Percentage  of 

Standard 

Denaity 

Height 
(ft.) 

Percentage  of 

Standard 

Denaity 

•    •    •    • 

1000 
2000 
3000 
4000 
5000 
6000 
6500* 
7000 
8000 
9000 
10000 

102.6 
99.4 
96.3 
93.2 
90.3 
87.4 
84.6 
83.3 
81.9 
79.2 
76.5 
74.0 

11000 
12000 
13000 
14000 
15000 
16000 
16500 
17000 
18000 
19000 
20000 

71.7 
69.5 
•       67.3 
65.2 
63.0 
61.1 
60.1 
59.1 
57.1 
55.2 
53.3 

•   •   •   • 

equals  ^pV-,  in  which  V  is  the  velocity  of  the  air,  p  is  the  pressure 
obtained,  and  p  is  the  standard  density.  In  some  ways,  it  wouM 
probably  be  more  convenient  to  take  the  average  density  at  sea 
level  as  the  standard,  though  the  standard  adopted  is  immaterial 
as  long  as  the  units  are  clearly  understood.  Translated  into  feet 
and  fractions  of  the  standard  density,  Table  X  becomes  Table  XI. 

The  actual  meaning  of  these  figures  may  first  be  considered. 
For  example,  the  density  at  10,000  feet  is  given  as  74  per  cent  ot 
the  standard,  but  this  does  not  mean  that  at  10,000  feet  above 
mean  sea  level  the  atmospheric  density  will  always  be  74  per  cent 
of  the  standard  density.  Unfortunately  for  aeroplane  tests,  this 
is  far  from  true.  The  atmospheric  density  at  any  particular  height 
may  vary  considerably  at  different  seasons,  from  day  to  day,  or 
even  from  hour  to  hour.  What  is  meant  is  that,  if  the  density 
at  10,000  feet  could  be  measured  every  day  over  an  extended 
peri  oil,  the  average  would  be,  as  closely  as  can  be  determined 
from  the  data  now  available,  74  per  cent  of  the  standard  density. 

Standard  Atmosphere,  The  figures  given  in  Table  XI  may 
ac(X)rdingly  be  taken  as  representing  the  conditions  prevailing  in  a 
normal,  or  standard,  atmosphere,  so  that,  in  order  to  obtain  a  strict 
basis  of  comparison,  it  is  endeavored  to  reduce  all  observed  aero- 

*ij500  feet  itt  introduced  as  corresponding  roughly  to  the  French  teet  height  of  900^ 
meters,  10,000  feet  correspond  Toug,Yv\v  to  l\ie  YxetkcVv  standard  of  9000  metera,  and  maSkiiS 
13,000  and  16,500  feet  correspond  to  ¥'tci\c\\  a\AXi^AX^. 
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plane  performances  to  this  standard  atmosphere,  that  is,  to  express 

the  final  results  for  a  given  height  as  the  performance  which  may 

be  expected  of  the  aeroplane  on  a  day  on  which  the  atmospheric 

density  at  every  point  is  equal  to  the  average  density  at  the  place 

tested.    Some  days  the  machine  may  show  a  better  performance, 

t     and  others,  one  not  so  good,  but,  on  the  average,  if  the  engine 

power  and  other  characteristics  of  the  aeroplane  remain  the  same, 

its  performance  will  be  equal  to  the  results  shown  by  the  test. 

It  must  be  borne  in  mind  that  a  standard  atmosphere  would 

be  a  very  abnormal  condition.    In  addition  to  changes  in  density 

there  may  be  vertical  air  currents  which  diminish  or  exaggerate  the 

performance  of  the  machine,  and  they  must  be  taken  into  account. 

Such  air  currents  are 'revealed   by  an  otherwise   unaccountable 

increase  or  decrease  in  the  rate  of  climbing  or  of  full-speed  level 

flying  at  a  given  height. 

Necessary  Tests.    The  tests  necessary  to  determine  the  per- 
fonnance  of  an  aeroplane  resolve  themselves  mainly  into  a  climb- 

m 

Uig  test  at  the  maximum  rate  of  climb  for  the  machine;  and  speed 
tests  at  various  heights  above  the  ground  (or  some  other  agreed 
low  level)  upward.  First  the  necessary  observations  are  described, 
^d  then  the  instruments  employed. 

CLIMBING  TEST 

Best  Climbing  Rate.  Experience  agrees  \vith  theory  in  show- 
ing that  the  best  climbing  rate  is  attained  by  maintaining  what  is 
Usually  knowTi  as  the  air  speed  of  the  machine,  as  shown  by  the 
indications  of  the  ordinary  air-speed  indicator,  nearly  constant 
Kgardless  of  the  height — in  other  words,  pV^  is  kept  constant. 
There  is  a  limiting  height  for  every  type  of  aeroplane,  above 
which  it  cannot  climb.  At  this  limit  height,  termed  the  ceiling  of 
the  machine,  there  is  only  one  speed  at  which  an  aeroplane  will 
fly  level;  at  any  other  air  speed,  higher  or  lower,  it  will  descend. 
Assume  this  to  be  55  m.p.h.  on  the  air-speed  indicator.  Then  the 
best  rate  of  climb  from  the  ground  is  obtained  by  keeping  the 
speed  of  the  machine  to  a  steady  indicated  55  m.p.h.  Fortunately, 
a  variation  in  the  speed  does  not  seriously  affect  the  rate  of  climb- 
ing. For  instance,  a  BE2-C  (a  British  type  biplane)  W\t\v  a  txvwcl- 
mum  TBte  of  climb  at  53  m.p.h.,  dimhs  just  as  fast  to  QOOO  lefc\  «> 
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iil)()ut  ftiS  m.p.h.  This  is  fortunate,  since  it  requires  considerable 
(*on(t'ntrati(>n  to  maintain  a  ste&dy  air  speed  while  asoencUng, 
rs|MH'ially  with  a  lifjht  scout  machine;  if  the  ^  is  at  all  "bumpy", 
it  is  inipossihio.  At  great  heights,  the  air  is  usually  very  steady, 
uiiti  it  is  mncli  easier  to  maintain  a  given  air  speed.  It  is  often 
vcTv  (iiflicult  to  judge  the  best  climbing  speed  of  an  aeroplane, 
pilots  dilFiTing  very  niucli  on  this  point,  as  they  do  on  many  others. 

ClimbinK  Indicator.    To  eliminate  the  personal  equation,  the 
Itoyal  'I\\stiiig  S(]ua(Iron  adopted  an  instrument  to  indicate  the 
rato  of  rliinh,  so  tliat  the  pilot  may  know  when  he  is  ascending  at 
tlu^  inaxinunn  rate.    The  instrument  consists  of  a  thermos  flask, 
(•onniumicating  to  the  outer  air  through  a  thermometer-tube  leaL 
A  li(|uid  prt*ssun>  gage  of  small  bore  indicates  the  difference  of 
pn\ssun»  lH»twiHMi  the  inside  and  the  outside  of  the  vessel.    When 
diinhing,  tlu»  atiuospluTic  pressure  is  diminishing  steadily;  therp- 
foro,  tlir  pn^ssurt*  inside  the  flask  tends  to  become  greater  than 
that  oil  the  outside.    Tliis  continues  to  increase  until  air  is  forced 
out   through   the  therinouieter  tubing  (glass  tubing  with  a  ven' 
small  hole  in  it)  at  such  a  rate  that  the  rate  of  change  of  pressure 
inside   till*   flask   is  apial   to  the  rate  of  change  of  atmospheric 
j)ressure  dni»  to  climbing.     ^Vhen  climbing  at  the  maximum  rate, 
therefore,  the  pressure  inside  the  flask  is  at  its  maximum.    The 
j)ilot  aceordingly   varies  the  air  speed  of  his  machine  until  the 
licjuid  in  the  gage  is  as  high  as  possible,  which  condition  indicates 
that  the  best  climbing  spee<l  of  the  aeroplane  has  been  reached. 

Correction  of  Aneroid  Readings.  During  the  course  of  the 
climb,  it  is  necessary  that  the  time  from  the  start  should  be 
recorded  at  intervals,  while  the  height  reached  at  these  inter\-ak 
nuist  be  recorded  simultaneously.  A  difficulty  is  encountered  here, 
since  there  is  no  instrument  which  records  height  accurately. 
The  aneroid  barometer  has  been  usihI  for  years  by  mountaineers 
an<l  aeronauts,  but  it  is  said  thiiit  it  rarely  indicates  the  correct 
height  above  the  ground,  or  starting  place.  The  faiUts  of  the 
aeroplane  aneroid  arc  unavoidable  and  are  partly  due  to  those 
who  first  lai<l  down  the  conditions  of  its  manufacture.  An  aneroid 
barometer  is  an  instrument  which,  in  the  first  place,  measures  only 
tJie  jjrr.sjiurr  of  the  surrounding  air.  Now  if  P*  and  P*  are  the 
pressures  at  two  points  in  t\\e  atiivo'sp\v«^,  >3afc  d\^^x«;w<!e  in  height 
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TABLE  XII 
Comction  Factors  for  Aneroid  Barometer 


Temperature 

Correction 

(deg.  F.) 

Factor 

70 

1.040 

50 

1.000 

30 

0.961 

10 

0.922 

-10 

0.833 

tween  these  two  points  is  given  very  closely  by  the  equation 

pi 
A  =  eiog,— 

•e  0  is  the  average  temperature,  expressed  in  absolute  degrees, 
le  air  between  the  tw^o  points. 

It  is  obvious  that  in  order  to  graduate  an  aneroid  in  feet,  it 
ecessary  to  select  some  arbitrary  value  for  0.    The  tempera- 

that  was  originally  selected  for  aneroids  was  50°  F.  or  10°  C. 
aneroid,  as  now  graduated,  therefore,  will  indicate  only  the 
ect  height  in  feet  if  the  atmosphere  has  a  uniform  temperature 
0°  F.  from  the  ground  upward,  and  it  follows  that  its  inaccu- 
'  will  be  greater  the  more  the  average  temperature  between  the 
md  and  the  height  reached  differs  from  50°  F.  Unfortunately, 
F.  is  much  too  high  an  average  temperature.  It  is  only  on  the 
est  days  of  summer,  and  even  then  very  rarely,  that  tlie  aver- 
temperature  between  the  ground  and  20,000  feet  will  be  as 
I  as  50°  F.  On  these  very  rare  occasions,  an  aneroid  will  read 
roximately  correctly  at  high  altitudes.  At  other  times  it  will 
lys  read  too  high.  In  winter  this  difference  may  amount  to 
)  feet  at  16,000  feet,  that  is,  it  will  indicate  16,000  feet  when 

actual  height  is  but  14,000  feet.  Therefore,  it  is  always 
!ssary  to  correct  the  aneroid  readings  for  temperature.  The 
ition 

3  the  desired  correctiop.    In  this  equation,   H  represents  the 
difference  in  height  wtween  any  two  points,  t,  lYie  aNeii^is^ 
^femtuiv  In  degrees  cenmgrade  between  the  points,  awi  K,  ^ 
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difference  in  height  indicated  by  the  aneroid.  It  is  Convenient  to 
draw  a  curve,  showing  the  necessary  correction  factors  at  different 
temperatures,  some  of  which  are  given  in  Table  XII.  For  example, 
if  a  climb  of  1000  feet  is  made  and  the  average  temperature  is 
lOT.,  the  actual  distance  is  only  1000x0.922,  or  922  feet.  This 
equation  is  sufficiently  accurate  for  small  differences  of  height,  say, 
up  to  1000  feet,  and  approximately  so  for  larger  differences. 

The  magnitude  of  the  correction  that  may  be  necessary  shoivs 
how  important  it  is  that  observations  of  temperature  be  made  at 
every  test.  For  this  purpose,  a  special  thermometer  is  attached 
to  a  strut  of  the  machine,  well  away  from  the  fuselage  so  as  to  be 
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clear  of  any  warm  air  arising  from  the  en^ne.  It  is  reported  that 
in  the  French  tests  the  temperature  is  not  recorded  during  the 
flight,  but  the  temperature  is  taken  at  the  ground  on  starting  and 
a  uniform  fjill  of  temperature  assumed  according  to  the  height 
reached.  Tliis  may  lead  to  serious  errors  as  the  change  of  tempera- 
ture with  altitude  is  very  irregular  and  only  becomes  fairly 
uniform  at  liciglits  well  above  10,000  feet.  This  is  shown  by  the 
curves.  Fig,  44,  which  represent  results  taken  at  random  from 
tests  made  at  different  times. 

Mdhiid  of  Using  Aneroid.     In  view  of  the  shortcomings  of  the 

aneroid,  the  only  way  to  make  use  of  it  in  aeroplane  tests  is  to  regaid 

It  purely  as  a  pressure-measuring  instrument.    For  thu  reason,  the 

zero   adjustment    is   disregaxAeA  \ot   ali  \k^  ■v«':^^'»  «Jwi  ^ 
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instrument  is  locked  so  that  the  zero  point  on  the  height  scale  cor- 
responds to  the  standard  atmospheric  pressure  of  29.9  inches,  or 
760  millimeters,  of  mercury.  Every  other  height  then  corresponds 
to  a  definite  pressure;  for  instance,  the  locked  aneroid  reads  5000 
feet  when  the  atmospheric  pressure  is  24.88  inches,  10,000  feet, 
when  it  is  20.70  inches,  and  so  on.  If  the  temperature  is  noted 
at  the  same  time  as  the  aneroid  reading,  both  the  atmospheric 
pressure  and  the  temperature  at  that  point  are  known  and  hence 
the  density  can  be  calculated  or,  more  conveniently,  read  off  curves 
drawn  for  that  purpose. 

Necessary  Observations.  The  observations  necessary,  after 
noting  the  gross  weight  of  the  aeroplane  and  the  net  or  useful 
weight  carried,  are,  therefore:  (1)  the  aneroid  height  every  1000 
feet;  (2)  the  time  elapsed  since  starting  to  climb;  (3)  the  tem- 
perature; (4)  the  air  speed  of  the  machine;  and  (5)  the  revolutions 
per  minute  of  the  engine  at  frequent  intervals. 

Calculations  from  Observations.  The  observed  times  are 
then  plotted  on  squared  paper  against  the  aneroid  heights  and  a 
curve  drawn  through  them.  From  this  curve,  the  rate  of  climb  at 
any  part  (also  in  aneroid  feet)  can  be  obtained  by  measuring  the 
tangent  to  the  curve  at  that  point.  This  is  done  for  every  1000 
feet  bv  the  aneroid.  The  true  rate  of  climb  is  then  obtained 
by  multiplying  the  aneroid  rate  by  the  correction  factor  corre- 
sponding to  the  observed  temperature.  These  true  rates  then  are 
plotted  fresh  against  standard  heights  and  from  this  curve  there 
is  obtained  the  rate  of  climb  corresponding  to  the  standard 
heights  1000  feet,  2000  feet,  3000  feet,  etc.  Knowing  the  change 
of  rate  of  climb  with  height,  the  time  required  to  reach  any  deter- 
mined height  is  best  obtained  by  graphical  integration.  Tables 
XIII  and  XIV  show  the  results  of  an  actual  test.  At  least  two 
climbing  tests  of  every  machine  are  carried  out  up  to  1(),()()0  feet 
or  over  by  aneroid.  If  time  permits,  three  or  more  tests  are  made. 
The  final  results  given  in  Table  XV  are  the  average  of  the  tests 
and  represent  as  closely  as  possible  the  j)erformance  on  a  standard 
day,  with  temperature  effects,  up  and  down  currents,  and  other 
errors  eliminated.  By  producing  the  rate  of  climb  curve  upward, 
it  cuts  the  height  axis  at  a  point  at  which  the  rate  ol  cVyteJo  ^'oviJA 
be  zero  snd  therefore  the  limit  of  climb,  or  ceiWug,  \a  Te».OeLe,^. 
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SPEED  TESTS  FLYING  LEVEL 

Statoscope.  On  reaching  16,000  feet,  or  whatever  the  point 
determined  may  be,  the  next  duty  of  the  observer  is  to  measure 
the  speed  flying  level  by  the  air-speed  indicator  at  regular 
intervals  of  height,  generally  every  2000  feet  from  the  highest 
point  reached,  downward.  To  carry  out  these  measurements  a 
sensitive  instrument  that  will  indicate  when  the  machine  is  flying 
level  is  required.  Since  the  aneroid  b  useless  for  this  purpose,  a 
statoscope  is  employed — an  instrument  that  is  the  same  in  prin- 
ciple as  a  climbing  meter.  It 
consists  of  a  thermos  flask 
connected  to  a  small  glass 
gage,  slightly  curved  but 
placed  horizontally,  Fig.  45. 
In  this  gage  is  a  small  drop 
of  liquid  and  at  each  end  is 
^^  a  glass  trap  which  prevents 
"^  jA^^^  the  liquid  from  escaping  either 
into  the  outside  air  or  into 
the  thermos  flask.  As  the 
machine  ascends  and  the  at- 
mospheric pressure  decreases, 
the  pressure  in  the  flask  be- 
comes higher  than  the  external 
pressure  and  the  liquid  is  forced  up  to  the  right-hand  trap,  where 
the  bubble  breaks,  allowing  the  air  to  escape.  On  descending,  the 
reverse  happens,  the  bubble  travels  to  the  left,  where  it  breaks, 
and  the  air  enters  the  flask.  When  flying  level,  the  drop  remains 
stationary. 

Necessary  Observations.  The  pilot  or  observer  notes  the 
maximum  speed  by  the  air-si>eed  indicator,  that  is,  the  speed  with 
the  throttle  fully  opened.  At  one  or  more  heights,  he  also  notes  the 
speed  with  the  engine  throttled  down  to  various  points  until 
the  minimum  at  which  the  engine  will  keep  the  machine  flying  at  the 
height  in  question  is  reached.  The  fuel  consumption  and  engine 
revolutions  are  noted  at  the  same  time  as  well  as  the  aneroid 
reading  and  the  temperature.  Accurate  observation  of  speeds  calls 
for  very  careful  flying — ^in  fact,  much  more  so  than  climbing  tests. 
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If  the  air  b  at  all  'T>umpy",  observations  are  necessarily  subject  to 
much  greater  error,  since  the  machine  is  always  accelerating  and 
decelerating.  Experience  has  shown  that  the  best  method  of 
carrying  out  the  speed  test  is  to  fly  the  machine  at  the  minimum 
downward  angle  first  and  then  at  the  minimum  upward  angle  and 
to  note  the  air  speeds  at  both.  These  will  differ  slightly  and  the 
true  speed  must  lie  between  them.  The  pilot  then  keeps  the  air- 
speed indicator  as  nearly  constant  as  possible  at  a  rate  between 
these  two  speeds,  at  the  same  time  watching  the  statoscope.  If  it 
shows  steady  movement,  one  way  or  the  other,  the  air  speed  must 
be  altered  accordingly  by  differences  of  1  m.p.h.  In  this  way,  it 
is  always  possible  at  heights  where  the  air  is  steady  to  obtain 
readings  correct  to  1  m.p.h.,  even  with  light  machines,  provided 
suflBcient  patience  is  exercised.  The  revolutions  per  minute  of  the 
motor  are  then  noted.  One  difficulty,,  however,  cannot  be  avoided. 
If  at  any  height,  there  is  a  steady  up  or  down  current,  then, 
though  the  air  may  appear  to  be  calm,  that  is,  with  no  apparent 
'Tjumps",  the  air-speed  indicator  reading  may  be  out,  since  to 
keep  the  machine  level  in  an  up  current  it  is  necessary  to  fly 
slightly  down  hill  relatively  to  the  air.  Such  unavoidable  errors, 
however,  are  eliminated  to  a  large  extent  by  the  practice  of  taking 
speeds  at  every  2000  feet  and  finally  averaging  the  results. 

Obtaining  True  Speed.  The  reading  of  the  air-speed  indicator 
is  not  the  true  speed  and  the  latter  must  be  calculated  from  it. 
At  great  heights,  the  indicator  reads  too  low;  for  example,  if  it 
indicates  70  m.p.h.  at  8000  feet,  the  actual  speed  of  the  machine 
through  the  air  is  nearer  80  m.p.h.  The  reason  for  this  is  that  the 
indicator,  Uke  the  aneroid,  is  merely  a  pressure  gage — a  sensitive 
pressure  gage,  which  registers  the  difference  in  pressure  between  the 
air  in  a  tube  with  its  open  end  pointing  forward  along  the  line  of 
flight  and  the  real  pressure  (static  pressure)  of  the  air  surrounding 
the  machine.  This  difference  of  pressure,  as  nearly  as  can  be 
judged  by  experiment,  is  equal  to  ipV^  if  p  is  the  density  of  the 
air  and  V  the  speed  of  the  machine,  provided  that  the  open  end  of 
the  tube  is  well  clear  of  the  fuselage,  wings,  or  other  parts  so  as  to 
be  in  undisturbed  air  and  not  affected  by  eddies.  Assuming  this 
law,  air-speed  indicators  are  graduated  to  read  correctly  at  a  den- 
sity of  1.221  Idlos  per  cubic  meter,  which  has  been  taken  as  the 
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standard  density  and  is  regarded  as  unity.  It  corresponds  on  an 
average  to  a  height  of  800  feet  above  sea  level. 

Corrected  Air  Speed.  Assume  the  actual  air  speed  of  an  aero- 
plane at  a  height  of  h  feet  to  be  V  m.p.h.  and  the  indiciated  air 
speed  to  be  70  m.p.h.;  this  means  that  the  excess  pressure  in  the 
tube  due  to  the  speed  is  proportional  to  1X70^,  or 

1       V 
70^ 

P 

y^      70 

where  p  is  the  density  at  the  height  in  question  expressed  as  a 
fraction  of  the  standard  density.  To  correct  the  observed  speed, 
it  is  therefore  necessary  to  divide  the  reading  by  the  square  root 
of  the  density.  Thus,  assume  that  the  maximum  speed  of  an 
aeroplane  at  a  height  of  8000  feet  by  the  locked  aneroid  was  80 
m.p.h.  on  the  indicator,  the  temperature  being  31  °F.  From  the 
curve,  it  is  seen  that  the  density  corresponding  to  8000  feet  and 
31  °F.  is  0.85  of  the  standard  density.  The  corrected  air  speed  is 
therefore 

r  =  — ^_^-^=8().7  m.p.h. 
\/0.85 

Calibration  of  Air=Speed  Indicator.  The  corrected  air  speed 
will  be  true  only  if  the  law  just  given  holds  good,  that  is,  if  there  are 
no  disturbances  due  to  the  pressure  head  being  in  close  proximity 
to  the  wings  or  struts.  It  is  always  necessary  to  find  the  magni- 
tude of  this  possible  error,  in  other  words,  to  test  the  air-speed 
meter,  and  the  only  way  to  do  this  is  to  measure,  by  timed 
observations  from  the  ground,  an  actual  speed  at  some  reasonable 
altitude  for  easy  observation  of  the  aeroplane  and  from  these 
timed  results  to  check  those  shown  by  the  air-speed  indicator. 
This  calibration  of  the  air-speed  indicator  is  the  most  important 
and  difficult  test  of  all,  since  on  the  accuracy  of  the  results  of  this 
test  depends  the  accuracy  of  all  the  other  speed  measurements. 
It  can  be  carried  out  by  speed  trials  either  when  the  aeroplane  is 
flying  close  to  the  ground  or  when  it  is  flying  at  a  considerable 
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altitude.  It  is  naturally  better  to  make  the  test  at  a  considerable 
height,  since  the  conditions  approximate  more  closely  those  obtain- 
ing when  the  ordinary  air-speed  measurements  are  made  at  diflfer- 
ent  heights  during  the  regular  tests  of  the  machine;  also  because 
weather  conditions  are  much  steadier,  and  the  pilot  can  devote 
more  attention  to  the  flying  of  the  machine  at  a  constant  height 
than  is  possible  when  he  is  close  to  the  ground. 

Camera  Obscura  Method.  One  method  is  to  use  two  camera 
obscuras,  one  of  which  points  vertically  upward  while  the  other  is 
sloped  at  an  angle  pointing  toward  the  first.  At  one  important  test- 
ing center,  the  two  cameras  are  1  mile  apart  and  the  angle  of  the 
sloping  camera  is  45  degrees.  By  this  arrangement,  if  an  aeroplane 
is  directly  over  the  vertical  camera,  it  will  be  visible  in  the  field  of 
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Fig.  40.     Moth<xI  of  Speed  Teat  with  Camera  Obsoura 

the  sloping  camera  if  its  height  is  anywhere  between  1500  and 
15,000  feet,  although  at  very  great  heights  it  would  be  too  indis- 
tinct for  accurate  measurements  except  on  a  very  clear  day.  The 
tests  are  usually  carried  out  at  heights  of  4000  to  6000  feet. 

The  aeroplane  is  flown  as  nearly  as  possible  directly  over  the 
vertical  camera  and  in  a  direction  approximately  at  right  angles 
to  the  line  joining  the  two  cameras.  Fig.  46.  The  pilot  flies  in 
as  straight  a  line  and  at  as  constant  an  air  speed  as  possible. 
Observers  in  the  two  cameras  dot  in  the  position  of  the  aeroplane 
every  second,  a  line  being  drawn  on  the  tables  of  each  camera  point- 
ing directly  toward  the  other  camera,  so  that,  if  the  image  of  the 
aeroplane  is  seeh  to  cross  the  line  in  one  camera,  it  crosses  the  line 
in  the  other  simultaneously.  From  these  observations,  it  is  possible 
to  calculate  the  height  of  the  aeroplane  with  considerable  accuracy^ 
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the  error  being  reduced  to  less  than  one  part  m  a  thousand  by 
careful  observation.  Knowing  the.  height,  it  is  then  possible  to 
calculate  the  speed  over  the  ground  by  measuring  the  average 
distance  on  the  paper  passed  over  per  second  by  the  image  in  the 
vertical  camera.    If  this  distance  is  x  inches,  /  the  focal  length  of 

the  lens,  and  h  the  height,  the  ground  speed  is  arX-7  feet  per  second. 

It  b  also  necessary  to  know  the  speed  and  the  direction  of  the 
wind  at  the  height  of  the  test.  For  this  purpose,  the  pilot  or 
observer  in  the  machine  fires  a  smoke  puff  slightly  upward  when 
over  the  cameras  and  the  observer  in  the  vertical  camera  dots  in 
its  trail  every  second.  The  height  of  the  smoke  puff  is  assumed 
to  be  that  of  the  aeroplane  and  it  probably  does  not  differ  suffi- 
ciently from  the  latter  to 
introduce  any  appreciable 
error  in  the  results.  The 
tnie  height  is  then  found 
graphically  as  shown  in 
Fig.  47,  in  which  the  length 
AB  represents  the  ground 
speed  of  the  aeroplane  as  measured  in  the  camera  and  CB  repre- 
sents on  the  same  scale  the  velocity  and  direction  of  the  wind. 
The  length  AC  represents,  also  on  the  same  scale,  the  true  air 
speed  of  the  machine. 

Advantages  of  Test,  These  tests  are  carried  out  in  any  direc- 
tion relative  to  the  wind  and  are  generally  made  at  three  different 
air  speeds,  four  test  runs  being  made  for  each  air  speed.  This 
method  has  several  distinct  advantages,  chief  among  which  is  the 
fact  that,  since  the  machine  is  at  a  sufficient  height  above  the 
grouhd,  the  pilot  can  devote  all  his  attention  to  the  test.  Within 
reasonable  limits,  almost  any  height  can  be  chosen,  thus  making  it 
possible  to  adopt  a  level  at  which  the  wind  is  steady.  This  is 
particularly  important,  since  the  accuracy  of  the  results  is  not 
affected  so  much  by  the  maintenance  of  an  exactly  level  flight 
path  as  by  the  constancy  of  the  air  speed  during  the  test.  It  is 
not  necessary  that  the  two  observers  in  the  cameras  be  in  communi- 
cation with  each  other,  although  this  is  convenient,  since  the  two 
tracks  are  made  independently  and  synchronized  afterward  from 


Fig.  47.  AB  Is  Measured  SpecKl  of  Aeroplane  over 
the  Ground;  CD,  on  the  Same  Scale,  UepresentB 
the  Velocity  and  Direction  of  the  Wind;  Hence 
AC  Equals  True  Air  Speed  of  Aeroplane 
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the  knowledge  that  the  image  must  have  passed  over  the  center 
Une  simultaneously  in  the  two  cameras.  The  elaborateness  of  the 
apparatus  required  would  be  a  disadvantage  if  only  a  few  machines 
were  to  be  tested,  but  at  a  permanent  testing  station  it  is  simply  a 
necessary  part  of  the  equipment. 

Emergency  Tests.  At  a  large  aircraft  factory  where  machines 
are  constantly  being  turned  out  in  numbers,  it  is  essential  that  the 
testing  operations  keep  pace  with  the  production  in  order  that 
deliveries  to  the  front  may  not  be  delayed.  The  methods  employed 
must  accordingly  be  such  that  tests  can  be  made  under  all 
except  extremely  unfavorable  weather  conditions.  When  low-lying 
clouds  or  similar  conditions  which  would  prevent  clear  vision  at 
any  height  above  the  ground  obtain,  it  is  necessary  to  rely  upon 
speed  measurements  made  near  the  ground  for  the  calibration  of 
the  air-speed  indicator.  For  this  purpose,  the  aeroplane  is  flown 
about  10  feet  above  the  ground  and  is  timed  over  a  measured  run. 
An  observer  is  stationed  at  each  end  of  the  course,  and,  when  the 
aeroplane  passes  the  starting  point,  the  first  observer  sends  a 
signal  and  starts  his  stop-watch  simultaneously.  The  second 
observer  starts  his  stoj)-watch  immediately  on  receiving  the  signal 
and  in  turn  sends  a  signal  from  his  end  and  stops  his  watch  when 
the  aeroplane  passes  his  post,  which  marks  the  finishing  line.  By 
means  of  this  double  timing,  errors  due  to  the  so-called  reaction 
time  of  the  two  observers  are  practically  eliminated,  for  the 
observer  at  the  end  of  the  course  tends  to  start  his  watch  late, 
while  the  first  observer  stops  his  late.  The  mean  of  the  two 
observations  gives  the  correct  time  for  the  distance.  Four  runs, 
two  in  each  direction,  are  made  at  each  air  speed,  the  pilot  or  his 
observer  carefully  noting  the  average  air  speed  of  the  machine 
over  the  course.  Observations  of  the  atmospheric  pressure  and 
the  temperature,  from  which  the  density  can  be  ascertained,  are 
also  taken.  The  average  strength  and  direction  of  the  wind  are 
noted  from  a  small  direct-reading  or  a  recording  anemometer  and 
the  speed  corrected  in  the  same  manner  as  in  the  camera  tests. 
If  a  strong  cross  wind  is  blowing,  the  aeroplane  may  have  to  be 
flown  at  a  considerable  angle  to  the  course  and  this  makes  the 
test  a  difficult  one  to  carry  out  properly.  Generally  speakiu^, 
it  can  only  be  relied  on  when  the  wind  \s  WgYvt,  \)MiX  \^>  "as^* 
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exceeding  10  m.p.h.  Even  such  a  wind  is  too  strong  if  it  is 
blowing  directly  across  the  course. 

Difficulties  Encountered,  To  be  accurate,  the  aeroplane  must 
be  flown  over  the  course  from  start  to  finish  at  its  maximum  steady 
speed  and  at  speeds  of  100  m.p.h.  or  over.  Considerable  time  is 
required  for  the  machine  to  accelerate  to  this  rate,  so  that  it  must 
fly  level  for  quite  a  distance  at  each  end  before  starting  over  the 
course.  At  the  testing  station  in  question,  the  course  is  1  mile  long 
with  an  additional  half-mile  clear  space  at  each  end,  but  it  is 
doubtful  if  even  this  distance  is  sufficient  to  permit  a  high-speed 
machine  to  accelerate  to  its  maximum  before  passing  the  starting 
point.  It  is  a  very  ticklish  undertaking  to  fly  a  high-speed  machine 
so  close  to  the  ground,  since  the  slightest  deviation  will  bring  it 
down  with  a  crash,  so  that  in  the  case  of  single-seat  aeroplanes, 
the  pilot  is  so  busy  at  the  controls  that  he  has  little  opportunity 
to  watch  the  air-speed  indicator.  One  solution  of  this  difficulty 
would  be  to  employ  a  recording  air-speed  indicator,  although  other 
difficulties  would  then  be  encountered. 

Summary  of  Tests.  Having  obtained  the  true  air  speed  by 
the  camera  method  or  by  means  of  speed-course  tests  and  knowing 
the  atmospheric  density  at  the  height  at  which  the  test  was  carried 
out,  the  true  reading  of  the  air-speed  indicator  is  arrived  at  by 
multiplying  the  measured  air  speed  by  the  square  root  of  the 
density.  By  comparing  this  with  the  actual  reading  of  the  indica- 
tor, the  necessary  correction  is  obtained.  A  summary  of  the  com- 
plete speed  tests  is  as  follows:  First,  the  air  speed  and  engine 
revolutions  are  noted,  flying  level  at  full  throttle,  approximately 
every  2000  feet  by  aneroid.  From  the  aneroid  reading  and  tem- 
perature observation  at  each  height,  the  density  is  obtained. 
The  reading  of  the  air-speed  indicator  is  then  first  corrected  for 
instrumental  errors  by  adding  or  subtracting  the  correction  found 
by  calibration  tests  over  the  cameras  or  the  speed  course.  This 
figure  is  then  again  corrected  for  height  by  dividing  by  the  square 
root  of  the  density.  The  result  should  give  the  true  air  speed, 
subject,  of  course,  to  the  errors  of  observation. 

The  figures  thus  obtained  are  plotted  against  the  standard 
heights,  that  is,  the  average  height  in  feet  corresponding  to  the 
density  during  the  test.    A   curve   is   then  drawn  through   th^ 
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points  and  the  air  speed  s  at  standard  heights  of  3000,  6500, 10,000 
13,000,  and  16,500  feet  is  read  oif  the  curve.  The  heights  given 
are  chosen  because  they  correspond  closely  with  heights  of  1,  2, 
and  3  kilometers,  etc.  The  indicated  engine  revolutions  are  also 
plotted  against  the  heights,  because  these  observations  form  a 
check  on  the  reliability  of  the  results.  The  ratio  of  speed  to 
engine  revolutions  at  different  heights  may  also  give  valuable 
information  with  regard  to  the  efficiency  of  the  propeller. 

RestUts  of  Speed  Test.    Table  XV  gives  the  complete  results 
of  a  test  of  air  speed  at  different  heights.    This  table  refers  to  the 
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Fig.  48.     Chart  of  Air  Speed  and  Engine  r.p.m. 
at  Varying  Heights 

same  machine  as  that  covered  by  the  data  in  Table  XIV,  which 
gives  the  results  of  the  calibration  tests  of  the  air-speed  indicator. 
Fig.  48  shows  the  curve  drawn  from  the  calculated  data,  the 
actual  air  speed  calculated  from  the  observations  being  shown  by 
crosses,  while  the  observed  engine  revolutions  at  the  same  heights 
are  marked  in  by  dots.  Fig.  49  gives  another  example  in  which 
the  observations  were  very  good,  the  air  speeds  and  the  engine 
revolutions  lying  very  closely  on  a  smooth  curve,  except  at  one 
point,  about  10,000  feet,  at  which  they  were  probably  affected  by  a 
downward  current  of  air. 

Conclttsioii.    For  military  purposes,  a  niunber  of  testa  axe. 
neo^ssaiy,  some  of  which  cannot  be  reduced  to  &g;ate&.   \t  ^ 
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not  be  taken  for  granted,  therefore,  that  the  foregoing  tests  either 
cover  the  ground  completely  or,  on  the  other  hand,  that  the 
methods  outlined  here  are  final  by  any  means.  Aeroplane  testing 
as  now  carried  out  b  but  one  of  many  new  factors  in  aeronautics 
that  are  the  direct  outgrowth  of  the  pressure  put  upon  the  designer 
and  manufacturer  by  the  requirements  of  the  war.  What  has  been 
done  so  far  is  accordingly  nothing  more  than  a  beginning.  With 
experience,  more  and  more  valuable  data  will  be  accumulated  and 
better  instruments  and  methods  of  using  them  will  be  evolved. 
Emphads  is  sometimes  laid  upon  the  desirability  of  utilizing  a 
complete  set  of  self-recording  instruments,  particularly  on  single- 
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Fig.  49.     Chart  of  Air  Speed  and  Engine  r.p.m. 
at  Varying  Heights 

seat  machines.  This. would  undoubtedly  relieve  the  pilot  of  such 
a  machine  of  the  necessity  of  making  many  of  the  observations 
now  essential,  but  there  are  many  objections  to  such  a  course 
when  considered  in  detail,  not  the  least  of  which  is  the  diflSculty 
of  obtaining  under  war  conditions  the  new  instruments  necessary. 
The  author  expresses  a  strong  preference  for  direct  observations 
with  recording  instruments  employed  as  a  check  on  the  latter. 
It  is,  of  course,  nothing  unusual  for  a  recording  instrument  to  fail 
to  work  during  the  flight  and  then,  if  there  are  no  direct  observa- 
tions, the  flight  has  to  be  repeated.  It  is  quite  probable,  however, 
that  a  recording  type  of  air-speed  indicator  will  come  into  general 
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use  (an  instrument  of  this  type  b  now  in  use  in  the  United  States).' 
After  all,  whether  direct-reading  or  recording  instruments  are 
employed,  it  is  the  flyer  on  whom  the  accuracy  for  the  tests 
chiefly  depends  and,  as  is  the  case  in  every  branch  of  science, 
considerable  practice  and  a  great  deal  of  training  are  necessary  to 
evolve  an  expert  tester.  Experience  has  shown  that  while  the 
methods  employed  may  undergo  considerable  variation  in  the 
future,  the  general  principles  on  which  they  are  founded  are  sound. 
Experience  also  has  demonstrated  the  great  importance  of  testing 
to  aeronautics,  since  the  results  of  model  experiments  are  not 
always  directly  applicable  and  therefore  it  is  only  by  accurate 
full-scale  work  that  steady  improvement  in  the  efficiency  of  the 
aeroplane  is  obtained. 


AVIATION  MOTORS 


GENERAL  SPECIFICATIONS 

Motor  Still  a  Problem.  In  the  final  analysis,  an  aeroplane  is 
nothing  more  nor  less  than  a  high-powered  motor  capable  of  lift- 
ing itself  and  its  load  off  the  ground.  Support  in  the  air,  fl>dng 
speed,  and  climbing  ability  are  all  reducible  to  terms  of  dependable 
power  economically  employed  to  generate  thrust  against  supporting 
surfaces,  the  proper  camber,  angle  of  incidence,  and  area,  all  of 
which  have  been  standardized  by  aerodynamic  research.  Obtaining 
the  data  for  these  essentials,  as  well  as  those  covering  stability, 
and  the  necessary  control  surfaces  has  proved  far  easier  than  the 
solution  of  the  prdblem  of  evolving  a  power  plant  that  combines 
the  minimum  weight  with  the  maximum  power,  fuel  economy,  and 
reliability.  That  this  is  still  in  the  development  stage,  despite  the 
millions  of  dollars  expended  on  it  prior  to  the  war  and  the  hun- 
dreds of  millions  that  have  been  appropriated  for  it  since  the  war 
began,  is  evident  from  the  widely  varying  angles  from  which  the 
problem  is  still  being  attacked  and  the  diverse  tj-pes  of  engines 
which  result.  A  good-sized  volume  could  be  devoted  solely  to  the 
consideration  of  the  various  phases  of  the  problem  and  their 
attempted  solution,  so  that  in  the  present  connection  nothing  more 
than  a  brief  outline  of  the  chief  requirements  and  the.  manner  in 
which  they  are  met  by  a  number  of  representative  motors  now  in 
service  can  be  given. 

Development  Due  to  War.  It  is  evident  from  what  is  recorded 
in  other  sections  of  this  work  that  the  aeroplane  has  been  practi- 
cally revolutionized  since  the  outbreak  of  the  war.  More  money 
and  eflFort  have  been  concentrated  on  its  development  in  a  few 
years  than  could  have  been  applied  to  it  in  a  half-century  under 
normal  conditions.  The  need  has  been  pressing  and  the  demand 
for  inmiediate  results  imperative,  so  that  cost  has  been  disregarded 
altogether.  A  simple  four-cylinder  vertical  motor  for  a  military 
training  plane  costs  as  much  today  as  the  complete  aeroplane  did 
five'  years  ago  and  qiufe  as  much  as  the  highest  priced  motor  car 
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does  now.  To  obtain  a  comprehensive  idea  of  the  development 
that  has  taken  place  in  a  few  years  and  that  has  led  to  the  aban- 
donment, to  a  large  extent,  of  standards  formerly  considered  highly 
developed,  it  is  necessary  first  to  refer  briefly  to  the  status  of  the 
aeronautical  power  plant  as  it  existed  before  the  war. 

Ante-Bellum  Standards.  Up  to  the  time  the  war  broke  out 
there  were  comparatively  few  aeroplanes  equipped  with  motors 
rated  at  100  h.p.  and  most  of  these  were  of  the  revolving  air- 
cooled  type.  Few  water-cooled  motors  had  been  built  in  units 
having  a  nominal  rating  in  excess  of  80  h.p.,  while  many  of  those 
did  not  produce  their  rated  power  by  10  to  15  per  cent.  Atten- 
tion had  been  concentrated  to  a  large  extent  on  the  development 
of  the  revolving  type  of  air-cooled  motor  since  it  can  be  made  to 
weigh  less  per  horsepower  than  other  types.  Many  of  the  aero- 
planes then  in  use  were  equipped  with  motors  developing  but  50 
h.p.  and  were  not  capable  of  climbing  more  than  5000  to  6000  feet. 
Some  idea  of  the  low  powers  employed  may  be  gained  by  citing  a 
few  examples.  For  instance,  the  Curtiss  motor  used  in  all  the 
flights  of  note  made  by  Curtiss  himself  was  an  eight-cylinder  V 
type  water-cooled  motor  rated  at  50  h.p.;  the  Wright  motor  gen- 
erated 30  to  35  h.p.  at  1200  r.p.m.  and  was  a  four-cylinder  water- 
cooled  engine.  The  Hendee  eight-cylinder  aviation  motor  was 
rated  at  65  h.p.;  and  the  Roberts  four-cylinder  two-cycle  motor 
was  rated  at  52  h.p.  at  1400  r.p.m.  Foreign  motors  were  of  equally 
low  power,  the  Antoinette  eight-cylinder  water-cooled  motor  being 
rated  at  55  h.p.,  while  a  sixteen-cylinder  motor  of  the  same  build 
was  one  of  the  few  100-h.p.  water-cooled  motors  that  had  been 
turned  out  up  to  the  time  of  its  construction.  The  Fiat  eight- 
cylinder  air-cooled  motor  generated  but  35  to  40  h.p.  at  1700  to 
2000  r.p.m.;  the  Renault  eight-cylinder  air-cooled  type  was  capable 
of  but  45  to  55  h.p.  at  1500  to  1800  r,p.m.;  and  the  seven-cylinder 
Gnome  revolving  air-cooled  type  was  rated  at  50  h.p.  and  the 
fourteen-cylinder  engine  of  the  same  make  at  100  h.p.  A  later 
t>T>e  of  the  seven-cylinder  Gnome  engine  developed  70  h.p.,  and 
several  of  this  model  were  used  at  aeronautical  meets  in  this  coun- 
try. With  such  limited  power  available,  it  was  impossible  to  climb 
to  more  than  6000  or  8000  feet  without  dispensing  with  every 
ounce  of  weight  that  could  be  shaved  off  the  machine. 

fl72  "^V 


AVIATION  MOTORS  3 

Requirements.  It  is  absolutely  essential  in  a  good  aeroplane 
engine  to  combine  reliability  with  low  weight  per  horsepower  and 
economical  operation.  But  no  one  of  these  requirements  is  para- 
mount. Some  of  the  excessively  light  motors  built  several  years 
ago  consumed  considerably  more  than  their  own  weight  in  fuel  and 
lubricant  in  a  flight  of  but  a  few  hours.  Moreover,  these  very 
light  engines  were  not  as  reliable  as  safety  demanded,  and,  as  an 
aeroplane  engine  must  operate  imder  maximum  load  most  of  the 
time,  any  weakness  manifested  itself  before  the  engine  had  been  in 
service  many  hoiu*s.  Hence,  it  became  necessary  to  give  up  striving 
after  extremely  low  weights  in  order  to  cut  down  the  fuel  con- 
sumption and  increase  the  factor  of  reliability.  But  in  a  machine 
intended  especially  for  military  service,  it  is  absolutely  essential  to 
turn  out  an  aeroplane  that  will  be  superior  to  the  enemy's,  even 
though  it  be  short-lived  and  at  the  same  time  subject  its  crew  to 
greater  risks  through  its  possibility  of  failure.  It  is  accordingly  evi- 
dent that  these  fundamental  requirements  of  low  weight  and  fuel  con- 
sumption with  a  high  factor  of  reliability  are  more  or  less  conflicting. 
To  better  the  last  two,  weight  must  be  retained,  so  that  it  becomes 
a  question  at  just  what  point  these  conflicting  requirements  may 
be  made  to  strike  a  meah  that  will  give  the  desired  performance 
imder  the  very  severe  conditions  of  aeroplane  engine  operation. 

Question  of  Weight.  By  increasing  the  \mght  of  the  engine,  its 
fuel  consmnption  may  be  reduced  and  ite  factor  of  reliability 
increased,  but  the  additional  load  entailed  will  bring  about  a  cor- 
responding decrease  in  the  speed  of  the  aeroplane.  Each  one  of 
the  belligerents  has  adopted  a  somewhat  different  policy  in  this 
respect.  The  Germans  called  upon  their  automobile  manufacturers 
to  develop  an  eflBcient  aviation  engine,  and  the  result  is  a  type  that 
is  simply  a  refinement  of  the  automobile  motor.  They  have  not 
sacrificed  weight  to  the  same  extent  as  either  the  French  or  the 
British  but  have  produced  a  very  reliable  motor  that  is  probably 
10  to  15  per  cent  heavier  than  either  the  French  or  the  British 
motors  of  the  same  power.  This  has  proved  a  weak  point  in  mili- 
tary service,  since  with  their  faster  and  more  easily  maneuvered 
machiues  the  Allies  have  been  able  to  take  the  offensive  with  greater 
success  and  have  accordingly  destroyed  more  of  the  German  machines 
than  they  themselves  have  lost. 
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The  balance  between  weight  and  fuel  economy  is  largely  det^^^' 
mined  by  the  particular  type  of  service  for  which  the  motor       ^ 
designed,  since  the  deciding  factor  is  not  merely  the  weight  of  t^9^^ 
engine  itself  but  the  total  weight  of  the  power  plant  and  its  fi^-  ^^ 
and  oil.    For  short  high-speed  scouting  flights,  the  lightest  type  ^^^ 
motor  may  be  employed  successfully,  as  the  total  amoimt  of  f u^  ^^ 
consumed  need  not  be  great  regardless  of  how  extravagant  th:^^ 
actual  consmnption  of  the  engine  is.    In  service  of  this  natur^^' 
economy  may   be   totally   disregarded.    But  since   load-carr>nn  ^^ 
capacity  and  endurance  are  the  prime  requisites  of  the  majority       ^ 


aeroplanes  employed  for  reconnoissance,  photographing,  and  bomb— -"^ 
ing  expeditions,  the  scope  of  the  light  scouting  machine  capable  orr 
only  a  few  hours'  flight  at  maximum  speed  is  very  restricted. 

Comparative  Weights,    While  the  information  in  Table  I  can- — 
not  be  brought  up  to  date,  owing  to  the  impossibility  of  obtaining*^ 
information  of  this  nature  during  the  war,  the  data  given  is  very  '^ 
complete  and  affords  an  opportunity  to  compare  the  weights  per    ^ 
horsepower  of  a  number  of  representative   engines.     It   will   be 
noted  that  none  of  the  well-known  German  engines,  such  as  the 
Benz,  Maybach,  and  Mercedes,  weighs  less  than  4  pounds  per  horse- 
power and  that  some  of  their  largest  units,  such  as  the  180-h.p. 
Maybach   and  the  240-h.p.   Mercedes,   weigh   5.8  and   6  pounds 
to  the  horsepower.     The  Benz  150-h.p.  motor  weighing  4  pounds 
per  horsepower  is  about  the  lightest  German  engine  noted  in  the 
table.    The  combined  fuel  and  oil  consumption  per  brake  horse- 
power hour  of  the  240-h.p.  Mercedes,  however,  is  but  0.563  pound, 
as  compared  with  0.775  pound  for  the  200-h.p.  Gnome  revolving 
air-cooled  motor  which  weighs  but  2.7  pounds  per  horsepower.    It 
is  also  evident  that  the  majority  of  British  and  American  aeroplane 
motors  listed  in  the  table  weigh  as  much  (or  more)  per  horsepower 
as  the  German  types,  but  this  comparison  may  not  hold  good  now 
since  none  of  the  late  models  are  listed  and  some  of  the  motors  in 
general  use,  such  as  the  Rolls-Royce   (British)   and  the  Liberty 
(American),  do  not  appear  at  aU. 

The  weight  per  horsepower  is  influenced  likewise  by  the  total 
amount  of  energy  generated,  so  that  the  more  powerful  the  motor 
the  less  it  will  weigh  per  horsepower.  For  example,  the  twelve* 
cylinder  Liberty  motor,  which  is  capable  of  generating  400  h.p.  or 


HI^^IHJ 

1 

1 

! 
i 

\ 

1 

111  11  11  1  11  1  111  iiiii 

SSS    SS    SS    S    SZ    3    ESS    «■«« 

1 

1 

d  q  J«l  ■!•  IWl 

355  33  3S  3  3:  ;  3M  3SSSS 

j 

ITOJ. 

3§l  §1  3g  i  S|  1  Sgi  SSSil 

A 

pwiS^ 

'ai«i>«[M  'joJiia 

fss  IS  S  ;  5  i|    ;  SSI  ElgSS 

(i^dqud   qp 

.  ,    ;  :      :  :                        ;  ;  ■    3SS|| 
:  :  :    o  ■         ■                     ■      ■  ■  ■    ddsiod 

it 

Slit 

Cni^dT,  »d  ni> 

i-i;  ;;i  mi  iwva'i 

U 

sSs  3?  ;:  3  3:  5  ::^:  jssss 

pn,.||  1.  p«d8°™nd 

m  li  i%l%ii  §11  3iSB 

u- 

i-.^i 

-ludj  pixu 

Hi  ii  11  i  11  i  ill  iiiii 

■dqiBim 

SSS   8§   SS   S   iSS   S   ::SS   S£S|§ 

^^is 

mipoa 

»»ic'   <»   *>    -:   s*   *    <<<   -:-«^<^ 

n 

«i 

111  !►  >»  ►  -il  »  ?.     IIIII 

III  f  ss  s  II  1  }i'  lllll 

t' 

«*pDnXO  |o  J»qamM 

OS,     r.«     «««-««     ^»2     -"-• 

11 

1 

i 

il 

SS3    SS     :  :    S            3    8S8    SSSSS 
XXX    XX     :  :    X            x    xxx    xxxxx 

11 

1 

555  !^  55  5  5K  S  555153553 

•i 

mIUO!o«"»°0 

d'^   &]    i]   £    i:   A   C\:     i[\':': 

J 

:  ■  :    -  ■    SS     ;     ;        :     ■  ;  ■     ""'33 

SI 

II 

1  :     i.  1  \\  \\  \ 

11 


n 


"3  '-HlMnqJup 


,11 


;ii 

llll 
"ill 


lb 


uapin|X3  JO  jaqomK 


11 


OIIllO  JO  inmoa 


i  !  |!  iijI  i1  I!  tit  I  1 

-i  i  ti  -~l  -I  II  m  =  i 


ss  ^  ig  i§i^  i^  m  i^i  i  s 


gi 


;  ^  '-.^  oSoS  ffl^:  8SS  SRH 


ss  s  sg  ss; 


II  nil  11  III  ill  1 1 


s§  s  ss  sasa  ss  ss§  sss  s  £ 


Sii    <    <-<    SSSS    5=8    <<■<    Sfcfe    <    & 


3     SS  - 39 


XXX 


3  iiiii  I  i  i  iiii  UTTl  »»»>, 

£  KHS3S    <    S    S   SS3S    SSS   S   S   1^^^ 


-dq  JBd    u.  |iwx 


tll|l  ^  1  1  llsi  111  i  1   i| 

ISlH  i  1  ^  1l""    ==1  1=1. 


1^01    5SIII  I  §  .1  5lsl  sil  I  S  ie^li 


111 


asrsa,    Si=S|  S  §  l  a^li  5?S  S  i  aSII 


I  IS  . 
ST 


*S3 


S  ^  SSSS  S^o  s   s 


^  ^  m 


ll§ll  I  §  i  mi  i^^  I  i 


III! 


•anooa      m^-f    i    »    i    ceSbE»    *^*    Et    *s    <<■ 


•rapnnXo  jn  jAiiun.s 


i| 
I- 

4 


uiSuo  J"  ■(Jlnnoa 


I  If  Jill  lllj  IJIJII 


I  S!  :3Si  SSiS  $3 


^  »i  SSil  §§§g  11  iig  i 


i  is   i  ,  ills  is 


C  ^5  - 

ilS 

•  IE 

|i| 


11  is  ill  ^ 


I  11  III!  iiii  II  III  I 


il  ^aii  *^§=  ^^  ^^B 


&ft       S&SiS       iiSiS       -s;:    JSis    : 


I  ll  mil  lis  ss  isi  I 


uipcnijC^  |o  jaqinni^ 


SjSS 

asss 


niluoja  fqano^ 


Sg    S5S    3j3- 


10  AVIATION  MOTORS 

over  continuously,  is  said  to  weigh  but  slightly  over  2  pounds  per 
horsepower,  or  approximately  812  pounds.  As  compared  with  this, 
the  240-h.p.  Mercedes  engine  weighs  1450  poimds,  or  6  pounds  per 
horsepower.  The  Salmson  (Canton-Unn6)  300-h.p.  motor  of  French 
design  weighs  1190  pounds,  or  4  pounds  per  horespower,  while  the 
Sunbeam-Coatalen  (British)  engine  of  225  h.p.  weighs  1085  pounds, 
or  4^,8  pounds  per  horsepower,  and  the  Wolseley  130  h.p.,  6.4 
pounds  per  horsepower.  Similarly  great  variations  will  be  apparent 
on  comparing  some  of  the  other  well-known  makes  turned  out  in 
each  country. 

Reliability.  Since  weight  is  such  a  prime  factor  in  the  design 
of  an  aeroplane  engine,  every  part  must  be  made  of  the  finest 
materials  and  cut  down  to  the  point  where  it  will  be  stressed  to 
the  maximum  safe  limit.  No  surplus  metal  is  permissible,  so  that 
steel  forgings  machined  to  the  thinnest  allowable  section  are  used 
where  castings  would  render  the  same  service  on  an  automobile 
engine.  Lapped  joints  must  be  employed  where  gaskets  would 
render  equally  good  service  under  conditions  less  severe,  while  the 
ignition,  cooling,  and  lubricating  systems  must  be  designed  to 
have  the  highest  possible  factor  of  reliability.  Two  magnetos  are 
employed  on  practically  all  aeroplane  motors  to  serve  the  first 
requirement,  not  so  much  because  two  sparks  per  cylinder  are  abso- 
lutely necessary  to  satisfactory  performance  as  to  provide  against 
failure  in  operation.  The  water  pump  and  every  part  of  the  cooling 
system  of  the  water-cooled  type  of  engine  are  made  much  larger  than 
would  ordinarily  be  considered  necessary.  This  is  equally  true  of 
the  oil  pump  and  feeders,  and  the  oil  is  fed  under  high  pressure. 
To  maintain  its  lubricating  qualities,  it  is  filtered  and  cooled  each 
time  it  is  used,  a  small  radiator  being  provided  for  the  latter  pur- 
pose. The  reason  for  this  is  that  the  oil  apparently  deteriorates 
upon  prolonged  exposure' to  high  temperatures,  causing  a  falling  off 
in  the  power  of  the  engine  due  to  inefficient  lubrication.  This  is 
one  of  the  shortcomings  of  the  air-cooled  motor,  particularly  of  the 
revolving  tN-pe,  which  shows  a  marked  decrease  in  its  output  after 
several  hours  of  continued  running  at  full  speed. 

Aerodynamic  RequiremenU.  In  addition  to  being  light,  eco- 
nomical, and  reliable,  the  aeroplane  motor  must  likewise  be  compact, 
accessible,  flexible,  and  free  from  excessive  vibration  when  operating 
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under  full  load,  since  the  latter  would  be  destructive  to  the  aeroplane 
itself.  But  even  when  all  these  requirements  have  been  satisfactorily 
met,  there  are  still  others  which  must  be  complied  with  in  order 
to  obtain  the  maximum  degree  of  eflBciency  from  every  point  of 
view.  Not  the  least  of  these  is  a  low  aerodynamic  resistance. 
It  avails  little  to  produce  a  motor  which  shows  a  saving  in 
weight  of  one  pound  per  horsepower,  or  a  reduced  fuel  consunjption 
p)er  brake  horsepower,  if  its  construction  be  such  that  the  added 
air  resistance  is  so  great  that  in  actual  service  these  advantages  are 
not  really  obtainable.  Consequently,  the  great  saving  in  weight 
made  possible  in  the  radial  and  revolving  types  is  apt  to  be  more 
than  offset  by  the  greatly  increased  surface  they  present.  The 
short  crankshaft  of  these  two  types  eliminates  a  great  deal  of  the 
weight  required  for  a  four-  or  six-throw  crankshaft,  but,  in  spread- 
ing out  the  cylinders  fanwise  or  around  a  circle,  the  increased  head 
resistance  neutralizes-  this  advantage.  It  is  better  to  carry  more 
weight  in  a  form  that  will  penetrate  the  air  with  less  resistance,  as 
a  heavier  motor  of  this  type  will  give  the  aeroplane  a  higher  speed 
and  better  maneuvering  qualities,  than  one  in  which  lighter  sections 
of  metal  are  spread  out  so  as  to  generate  excessive  drift,  or  head 
resistance.  Consequently,  the  fixed-cylinder  type  with  the  cylinders 
in  line  has  proved  most  efficient  for  military  service. 

Automobile  vs.  Aeroplane  Motor.  The  automobile  has  been 
developed  to  such  a  high  degree  of  efficiency  that  it  should  appar- 
ently be  a  very  simple  matter  to  adapt  the  automobile  motor  to 
aeronautical  use.  A  brief  comparison  of  the  nature  of  the  service 
that  the  two  types  of  motors  are  called  upon  to  perform,  however, 
will  show  the  fallacy  of  this  assumption.  Take  the  large  number 
of  motor  cars  whose  power  plants  are  rated  at  25  h.p.  The  average 
output  of  these  motors  in  ordinary  service  does  not  exceed  50  per 
cent  of  their  rated  maximum.  In  larger  and  higher  priced  cars, 
correspondingly  better  built  and  having  40-h.p.  motors,  the  average 
demand  upon  the  motor  will  be  approximately  30  to  35  per  cent. 
In  neither  case  is  the  motor  called  upon  to  develop  its  maximum 
power  except  in  rare  instances  and  then  only  for  very  short  periods. 
Any  attempt  to  run  such  motors  at  their  maximum  power  for  several 
hours  results  in  warped  or  sticking  valves  or  a  failure  of  the  cooling 
or  the  lubricating  system.    Spark  plugs  also  fail  under  the  intense 
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heat  generated.  When  stripped  touring  cars  were  used  for  long  road 
races  in  the  earlier  days,  one  or  all  of  these  shortcomings  made 
themselves  apparent  with  the  result  that  few  of  the  contestants 
succeeded  in  completing  the  distance  at  all. 

In  addition  to  calling  for  a  design  that  represents  the  refine- 
ment of  many  essentials  never  considered  necessary  in  the  finest 
automobile  engines,  the  aeroplane  engine  requires  a  grade  of  work- 
manship and  material  that  no  manufacturer  could  afford  to  put  in 
an  automobile  and  that  would  present  no  particular  advantage. 
Weight  per  horsepower  is  not  of  paramount  importance  in  automo- 
bile engines,  so  that  iron  cylinders  with  the  water  jackets  cast 
integral  serve  all  piuposes  quite  as  well  as  a  very  light  and  expen- 
sive construction  would.  The  same  thing  is  equally  true  of  the 
crankshaft,  connecting  rods,  camshafts,  and  other  .parts,  while  the 
limiting  factor  of  cost  prevents  applying  to  such  parts  the  grade 
of  workmanship  that  is  absolutely  essential  in  an  aeroplane  engine. 
After  eliminating  these  essentials,  it  is  evident  that  there  is  nothing 
left  of  the  automobile  engine  which  can  be  adapted  as  it  stands  to 
aeronautical  use;  the  entire  engine  must  be  redesigned  from  begin- 
ning to  end. 

Air  Cooling  vs.  Water  Cooling.  Just  prior  to  the  war,  the  air- 
cooled  type  of  engine  had  been  brought  to  the  highest  point  of  devel- 
opment for  aeroplane  use  in  France.  In  fact,  it  seemed  likely  to 
prove  the  ultimate  type  for  this  servic^e.  But  it  must  be  borne  in 
mind  that  the  machines  then  in  use  were  used  only  for  short  flights 
and  were  not  called  on  to  carry  any  great  weights  for  long  dis- 
tances. Hence,  fuel  and  oil  consumption  were  not  serious  matters, 
some  of  the  revolving  types  of  air-cooled  motors  using  almost  as 
much  lubricating  oil  as  they  did  gasoline,  while  their  fuel  consump>- 
tion  per  brake  horsepower  hour  was  excessive.  Only  a  limited 
number  of  this  type  of  engine  had  been  built  in  units  as  high  as 
100  h.p.,  and  the  necessity  for  a  large  amount  of  power  plus  the 
heavy  duty  required  of  an  aeroplane  engine  increases  the  difficul- 
ties of  cooling.  It  limits  both  the  size  of  the  cylinders  and  the 
compression  ratio  employed,  so  that  to  obtain  satisfactory  cooling 
it  was  nec*essary  to  employ  a  multiplicity  of  cylinders.  In  the 
fixed-cylinder  type,  a  blower  was  required  which  added  to  the  com- 
plication as  well  as  the  weight.    These  considerations  made  the 
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air-cooled  engine  more  complicated  than  the  water-cooled  type  while 
the  great  saving  in  weight  of  metal  had  to  be  paid  for  in  the 
weight  of  the  fuel  and  oil  necessary,  so  that  shortly  after  the  out- 
break of  the  war  the  air-cooled  engine  was  practically  abandoned. 
It  is  still  used  to  a  limited  extent  for  high-speed  short-range  scout- 
ing planes  and  for  training  purposes,  but  its  further  development 
has  been  given  up  in  order  to  concentrate  every  effort  on  the  water- 
cooled  tj'pe.  . 

High  vs.  Low  Pressures.  The  question  of  satisfactory  cooling 
is  also  very  largely  influenced  by  the  compression  ratio  of  the 
engine,  that  is,  whether  it  is  designed  to  operate  with  a  high  or  a 
low  initial  compression.  For  example,  assuming  that  the  piston  is 
exactly  at  the  lower  dead  center  when  the  fresh  charge  begins  to 
enter  and  that,  when  it  has  again  reached  upper  dead  center,  the 
space  represented  by  the  combustion  chamber  is  one-foiu*th  the  cubic 
volume  of  the  cylinder,  the  engine  is  said  to  have  a  compression 
ratio  of  4  to  1.  This  gives  a  comparatively  low  initial  compres- 
sion to  the  explosive  mixture,  so  that  the  mean  effective  pressure, 
usually  abbreviated  to  m.e.p.,  is  correspondingly  low.  As  the  power 
developed  is  the  product  of  the  m.e.p.  times  the  area  of  the  piston 
times  the  number  of  revolutions  per  minute,  or  m.e.p.X.4xiV,  the 
amount  of  energy  produced  from  a  given  quantity  of  fuel  will  be 
greater  from  a  high-pressure  engine  than  from  one  having  a  low 
initial  compression,  the  other  factors  remaining  the  same.  Conse- 
quently a  high-pressiu'e  engine  can  be  made  with  smaller  cylinders 
and  of  correspondingly  less  weight  for  the  same  power. 

This  is  an  apparently  easy  solution  of  the  problem  but  other 
difficulties  are  involved  some  of  which  are  preignition,  if  the  pres- 
sure is  very  high;  failure  of  the  valves  or  of  the  ignition;  trouble 
with  the  lubrication;  and  diflBculty  in  keeping  the  engine  suflSciently 
cool  to  operate  satisfactorily  for  any  length  of  time. 

Early  Motors.  To  secure  a  reasonable  endurance  in  early 
aeronautic  motors,  there  was  accordingly  no  alternative  except  to 
employ  low  pressures.  Large  dimensions  were  giVen  the  cylinders 
and  the  motor  was  designed  to  operate  with  a  low  compression 
ratio.  This  permits  using  a  minimiun  section  of  metal  for  all 
parts,  such  as  the  piston,  cylinder  walls,  and  heads,  subject  to  the 
stresses  resulting  from  the  gas  pressures  and  abo  m\i\\\m7«&  >(2fiis& 
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difficulty  of  maintaining  satisfactory  cooling.  In  the  majority  of 
air-cooled  engines,  low  pressures  were  made  necessary  by  the  limited 
intensity  of  cooling  action  possible  by  the  ordinary  methods  of 
direct  air  cooling.  At  that  time,  moreover,  no  ignition  system  had 
been  developed  which  would  meet  the  requirements  of  the  aero- 
plane motor  unless  the  gas  pressures  were  kept  very  low.  Even 
now,  the  greatest  source  of  trouble  lies  in  the  spark  plugs,  due  to 
the  deterioration  of  both  the  electrodes  and  the  insulation  when 
subjected  to  the  combination  of  high  and  variable  temperatures 
with  gas  pressures  that  are  also  high  and  variable.  At  the  very  high 
temperatures  reached  in  modem  aeroplane  motors,  porcelain,  mica, 
stone,  or  other  insulating  substances  become  conduc1:ing  as  the  result 
of  the  brush  discharge  cf  the  high-tension  current  taking  place 
across  their  siu^ace. 

Later  Tendency.  The  success  that  attended  the  development 
of  the  Gnome  and  Renault  air-cooled  engines  several  years  ago 
made  it  appear  as  if  the  large-volume  low-pressure  type  of  engine 
was  better  adapted  to  aeroplane  use  thau  any  other  and,  likewise, 
that  any  attempt  to  use  higher  pressures  could  only  succeed  by 
sacrificing  the  factor  of  reliability.  Since  the  engines  in  question 
had  demonstrated  their  ability  in  numerous  flights  that  were  then 
considered  to  be  of  long  duration,  the  example  they  set  was  largely 
followed  by  others.  Just  about  that  time,  the  adoption  of  new 
rules  governing  the  design  of  automobile  engines  for  racing  were  put 
into  effect.  One  of  these  limited  the  maximum  cvlinder  dimensions 
and  the  rivalry  among  different  designers  to  produce  the  maximum 
amount  of  power  from  cylinders  of  a  given  size  led  to  the  use  of  much 
higher  gas  pressures  than  had  previously  been  considered  possible. 
The  success  of  these  high-pressure  automobile  engines  also  led 
many  of  their  designers  to  believe  that  they  could  be  directly 
adapted  to  aeroplane  work  by  the  simple  expedient  of  reducing 
their  weight.  But  few  of  the  engines  thus  produced  have  survived 
in  the  aeronautical  field,  though  their  advent  brought  with  it  a 
large  number  of  new  designers  whose  experience  led  them  to  adopt 
the  high-pressure  t^^pe  of  design.  The  tendency  since  then  has 
accordingly  been  to  use  small  cylinders  and  work  them  at  the 
highest  possible  pressiu'es  in  order  to  reduce  to  a  minimum  the 
weight  per  horsepower. 

384 
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Relation  of  Cylinder  Area  and  Pressure.  The  cylinders  are  the 
heaviest  units,  representing  a  greater  proportion  of  the  total  weight 
of  the  engine  than  any  other  single  essential.  For  the  water-cooled 
type  of  engine,  the  average  is  28  per  cent,  which  is  5  per  cent 
greater  than  that  of  the  crankcase.  As  the  maximum  gas  pressure 
bears  an  approximately  constant  ratio  to  the  m.e.p.,  it  is  evident 
that  in  two  engines  whose  mean  pressures  bear  the  relation  of  2  to 
1,  the  low-pressure  engine  must  have  twice  the  piston  area  to 
develop  the  same  power  at  the  same  speed.  Hence  the  low-pressure 
cylinder  would  have  to  have  a  diameter  41  per  cent  greater,  while 
it  is  not  practical  to  employ  a  thinner  section  of  metal  owing  to  the 
greater  liability  to  distortion  under  the  influence  of  high  tempera- 
tures. Theoretically,  the  low-pressure  unit  could  be  given  a  much 
thinner  cylinder  wall,  but  the  latter  would  lack  the  necessary  rigidity 
and  would  accordingly  have  to  be  made  as  heavy  or  heavier  than 
the  smaller  high-pressure  cylinder. 

One  authority  places  the  dividing  line  between  low-  and  high- 
pressure  aeronautic  engines  at  about  100  pounds  per  square  inch 
brake  m.e.p.  for  the  four-cycle  type  and  at  about  75  pounds  for 
the  two-cycle  type.  This  would  place  the  majority  of  succ*essful 
water-cooled  aeroplane  engines  in  the  high-pressiu'e  class  and  the 
tendency  is  now  generally  along  this  line.  The  only  limits  to  the 
pressiu'cs  available  are  those  of  preignition  (gasoline  vapor  and  air 
in  the  proper  proportions  ignite  without  a  spark  when  compreSvSed 
beyond  a  certain  pressure),  cooling,  and  the  reliable  working  of  the 
ignition  system  itself. 

Piston  Speed.  There  are  factors  other  than  the  gas  pressiu'e, 
however,  that  determine  the  minimum  practical  weight  of  an  aero- 
plane engine.  These  are  the  piston  speed,  the  cylinder  arrange- 
ment, and  the  method  of  cooling.  Given  a  suitable  increase  of 
valve  area  so  that  the  m.e.p.  is  not  adversely  affected,  the  power 
developed  by  an  engine  increases  directly  as  the  piston  speed,  the 
factor  of  increased  friction  with  speed  not  being  taken  into  consid- 
eration in  stating  this  general  rule.  Hence,  doubling  the  piston 
speed  of  the  same  engine  will  approximately  double  its  output  and . 
result  in  cutting  its  weight  per  horsepower  in  half.  Unfortunately, 
this  is  another  apparently  simple  expedient  that  cannot  be  applied 
without  bringing  further  difficulties  in  its  train.    The  aeroplane 
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propeller  is  not  efficient  above  1600  r.p.m.,  so  that  where  the  speed 
of  the  engine  exceeds  this,  it  is  necessary  to  introduce  a  gear  reduc- 
tion which  adds  to  the  weight  and  involves  a  slight  reduction  in 
the  efficiency  of  the  drive.  Valve,  cooling,  and  ignition  difficulties 
are  also  encountered  and  the  resulting  troubles  are  of  such  a 
serious  nature  that  the  tendency  is  to  keep  the  piston  speed  down. 
Just  as  it  was  shown  to  be  possible  to  use  very  much  higher  gas 
pressures  than  had  originally  been  considered  feasible,  however,  it 
seems  quite  likely  that  later  developments  may  minimize  the  adverse 
influences  of  high  speeds,  since  such  speeds  offer  an  opportunity 
for  a  very  substantial  weight  reduction. 

Cylinders.  Arrangement,  Since  the  crankcase  is  the  next  to 
the  heaviest  single  part  of  the  aeronautical  motor,  it  is  evident 
that  weight  may  be  saved  by  minimizing  its  dimensions.  It  is  not 
possible  to  decrease  its  depth  without  making  the  oil  tank  inde- 
pendent of  the  engine,  which  would  introduce  added  head  resistance. 
The  oil  tank  is  accordingly  made  integral  with  the  crankcase, 
which  is  therefore  much  deeper  in  an  aeroplane  motor  than  in  an 
automobile  engine.  Consequently,  the  only  method  of  reducing 
the  weight  of  the  crankcase  is  to  shorten  it  and,  to  do  this,  the 
cylinders  are  plac*ed  in  the  form  of  a  V,  cither  of  90,  CO,  or  45 
degrees.  In  this  way,  each  pair  of  cylinders  acts  upon  the  same 
crank,  so  that  the  length  and  diameter  of  the  crankshaft  itself  may 
also  be  reduced,  tluis  effecting  a  further  saving  in  weight.  Most  of 
the  German  engines  are  of  the  six-cylinder  type  with  the  cylinders 
all  in  a  row  as  in  an  automobile  engine,  which  probably  accounts 
for  their  greater  weight,  since  both  the  crankcase  and  the  crank- 
shaft must  be  considerably  heavier  than  for  an  eight-cylinder  motor 
with  the  V  type  cylinder  arrangement.  The  influence  of  the  other 
factor  mentioned,  viz,  the  method  of  cooling,  has  already  been 
dwelt  upon. 

Construction,  In  the  attempts  to  minimize  the  weight  p>er 
horsepower  practically  ever\'  method  of  cylinder  construction  avail- 
able has  its  advocates.  By  welding  sheet-metal  jackets  to  it  or 
employing  a  jacket  held  in  place  by  a  ring,  a  cast-iron  cylinder 
may  be  made  very  light,  but  cast  iron  has  the  serious  defect  of 
losing  a  greater  percentage  of  its  normally  low  tensile  strength  at 
Jjjgh  temperatures  than  other  metals.     Cast-aluminum  cylinders 
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with  steel  liners  for  the  piston  to  bear  against  have  also  been 
employed,  either  by  casting  the  cylinder  separately  with  the  head 
integral  with  the  cylinders,  in  which  case  the  cylinder  must  be 
removed  to  take  out  a  valve,  or  by  casting  the  main  barrels  of  the 
cylinder  integral  with  the  crankcase.  In  the  latter  case  the  liners 
are  pressed  in  and  the  cylinder  heads  bolted  on.  The  aluminum 
cylinder  has  the  advantage  of  a  considerable  saving  in  weight,  but 
the  pressed-in  steel  liner  makes  a  poor  thermal  connection  wnth  the 
cylinder  barrel  proper  and  adds  to  the  difficulties  of  cooling. 

Another  method  is  to  make  the  cylinder  complete  of  a  steel 
forging,  and  this  is  considered  to  embody  the  greatest  number  of 
advantages  for  aeroplane  engine  use,  though  it  is  the  most  difficult 
to  make  and  vastly  more  expensive  than  any  other  form  of  con- 
struction. The  cylinders  of  the  Gnome  engines  are  machined  from 
a  solid  forging  so  that  the  finished  cylinder  does  not  represent 
much  more  than  10  per  cent  of  the  original  forging.  The  machine 
work  involved  is  a  tedious  and,  toward  the  end,  a  delicate  opera- 
tion in  which  the  slightest  error  ruins  the  entire  piece.  In  adapt- 
ing the  Mercedes  engine  to  the  aeroplane,  forged-steel  cylinders 
have  been  substituted  for  those  of  cast  iron  and  attempts  to  dupli- 
cate them  in  this  country  were  not  successful  for  some  time.  Due 
to  the  lengthy  manufacturing  process  necessary,  this  form  of  cylin- 
der construction  does  not  lend  itself  to  rapid  production,  so  that  in 
tlie  Lil)erty  motor  the  steel  cylinders  are  made  of  tubing. 

Valves.  Methods  of  Action.  The  same  methods  of  operating 
the  valves  as  are  employed  on  automobile  engines  can  naturally  be 
employed  in  the  design  of  aeroplane  motors.  Generally  speaking, 
the  methods  adopted  may  be  divided  into  three  classes:  first, 
the  direct-lift;  second,  the  rocker-arm;  and  third,  the  overhead- 
camshaft  method.  The  first  of  these  is  used  much  less  than  either 
of  the  other  two,  since  direct-acting  valves  involve  the  use  of  out- 
board chambers  which  considerably  increase  the  weight  as  well  as 
the  amount  of  resisting  surface  presented  to  the  air  by  the  cylin- 
der, besides  restricting  the  valve  diameter.  The  other  two  are 
practically  variations  of  the  same  method,  sinc*e  the  object  in  both 
is  to  locate  the  valves  in  the  cylinder  heads.  In  the  rocker-arm 
method,  the  camshaft  is  in  its  usual  location  in  the  croivvksrdsfe^ 
while  the  rocker  arms  pivot  in  yokes  mounted  oiv  \)Qfc  c:^\\\A«r 
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heads  and  are  operated  by  long  and  verj'  light  push  rods.  \V1 
the  camshaft  is  plai'Cfl  iiverhcad,  it  is  driven  by  bevel  gearing 
a  vertical  shaft  or  by  a  train  of  gears  from  the  cranksbitft,  and 
earns  then  operate  directly  iigahist  the  rocker  arms.  The  wej 
of  the  gears  and  their  supports  is  naturally  greater  than  thrt 
the  valve  njds  cmplo_ved  in  the  second  instance,  but  some  design 
are  of  the  opinion  that  this  arrangement  is  preferable  in  spil 
the  extra  weight.  Others  have  no  faith  in  the  rocker^imi  ^ 
of  valve  action  of  either  class.  In  the  V  tjpe  motor,  a 
camshaft  may  be  employed  between  the  two  groups  of  cylind 
operating  the  direct-lift  ty|je  of  valves,  but  this  inTj^xluces 
necessity  for  valve  ports  with  \'alves  of  limited  dininetor, 
efficiency  of  which  decreases  \ery  rapidly  as  the  ajieed  increa 

Effect  tif  Siieed  on  I'nine  Action.  The  higher  the  r.p.m.  rati 
an  engine  the  shorter  the  time  in  which  its  valves  must  open 
close.  Likewise,  the  higher  the  speed  the  greater  must  l>e  the 
given  to  a  valve  of  the  same  diameter  in  order  to  permit  fill 
and  emptying  the  cylinder  so  that  the  m.e.p.  will  not  be  advc 
affected.  But  since  the  amount  of  lift  available  is  limited, 
diameter  of  the  valve  itself  must  be  increased  with  an  incrcaa( 
the  speed  to  pre\'ent  cutting  down  the  volumetric  efficieiu 
hammering  action  of  the  valves  varies  with  their  weight  and  U' 
square  of  the  si)eeil,  and  increasing  tlie  speed  also  involves  the 
of  heavier  springs  to  close  the  vahes  rapidly.  In  an  acrojj 
engine,  which  must  be  run  constantly  at  full  load,  the  valves 
tiieir  mechanism  are  almost  as  prolific  a  soiuxw  of  trouble  as 
ignition.  The  limiting  factors  of  valve  action  just  cited 
illustrate  some  of  the  further  difficulties  involved  in  the  i 
very  high-s|)eed  engines. 

In  speaking  of  speeds  in  this  connection,  however,  the  pi) 
sjjeed  and  not  merely  the  r.p.m.  rate  of  the  engine  is  meant, 
therefore  pos,sihle  to  reduce  the  valve  forces  by  adopting  a  I 
stroke-bore  ratio,  that  is,  a  long  stroke  engine.  The  time 
siiry  to  open  and  close  the  valves  increases  as  the  r.p.m.  dcaU 
and  the  longer  the  stroke  the  higher  the  piston  speetl  for  a  ( 
number  of  revolutions  per  minute.  As  the  time  in  wbicb  a  ^ 
niiist  open  increases,  both  its  acceleration  and  the  force  tttp 
to  lift  it  decH'ase. 
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Multiple  Valves.  A  further  reduction  in  the  valve  forces  nec- 
■ssary  may  be  made  by  reducing  the  size  of  the  valves  and  increasing 
heir  number  so  as  to  maintain  the  same  port  diameter.  The  valve 
irea  varies  with  the  square  of  the  diameter  but  the  weight  varies 
IS  the  cube,  so  that  a  single  valve  must  be  made  much  heavier 
han  two  smaller  valves  giving  the  same  diameter  and  the  large 
iingle  valve  must  also  be  given  a  greater  lift.  As  the  force 
nvolved  is  the  product  of  the  weight  times  the  acceleration,  it 
«^iD  be  sixteen  times  as  great  with  a  single  valve  as  with  any  one 
)f  four  valves  each  one-half  the  diameter  of  the  former.  Many 
feigners  have  accordingly  adopted  multiple  valves,  some  using 
two  intake  and  two  exhaust  valves,  as  in  the  Curtiss  and  the 
5turtevant  engines,  while  in  some  of  the  German  aeroplane  engines 
there  are  three  exhaust  valves  and  two  intake.  The  weight  saved, 
lowever,  is  not  represented  by  the  difference  in  the  weight  of  the 
calves  themselves,  since  the  multiple  valves  required  an  increase  in 
the  weight  of  the  operating  mechanism.  That  this  need  not  be  great, 
bwever,  is  evidenced  by  the  Maybach  engine,  in  which  the  three 
exhaust  valves  per  cylinder  are  operated  by  a  single  rocker  arm. 
Some  designers  consider  that  the  advantages  gained  by  the  employ- 
fnent  of  multiple  valves  does  not  compensate  for  the  complication 
introduced  and  prefer  to  obtain  the  same  results  in  a  different 
manner. 

Increase  in  Number  of  Cylinders,  Increasing  the  number  of 
cj'linders  has  an  effect  on  the  valve  action  similar  to  that  of  increas- 
ing the  niunber  of  valves  per  cylinder.  With  a  greater  number  of 
cylinders,  the  size  of  both  the  cylinders  and  the  valves  decreases  if 
their  total  areas  are  to  remain  constant,  as  they  must  for  equal 
power  at  the  same  piston  speed.  With  the  smaller  cylinders,  the 
shorter  stroke  (for  equal  stroke-bore  ratio)  requires  a  higher  r.p.m. 
fate  and  correspondingly  more  rapid  valve  action,  but  there  is  still 
^  considerable  reduction  in  the  valve  forc*es,  sinc^e  doubling  the 
lumber  of  cylinders  decreases  the  force  on  each  valve  by  about  65 
)er  cent. 

Types  of  Valves.    Neither  the  rotary-  nor  sleeve-type  valve  has 
een  employed  on  aeroplane  engines,  probably  due  to  the  fact  that 
oth  require  a  heavier  construction  than  the  poppet  va\\^  «jw\ 
ieie  is  a  risk  of  their  binding  under  continued  full-load  coYvdA\!\oxv^» 
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heads  and  are  operated  by  long  and  very  light  push  rods.  When 
the  camshaft  is  placed  overhead,  it  is  driven  by  bevel  gearing  and 
a  vertical  shaft  or  by  a  train  of  gears  from  the  crankshaft,  and  the 
cams  then  operate  directly  against  the  rocker  arms.  The  weight 
of  the  gears  and  their  supports  is  naturally  greater  than  that  of 
the  valve  rods  employed  in  the  second  instance,  but  some  designers 
are  of  the  opinion  that  this  arrangement  is  preferable  in  spite  of 
the  extra  weight.  Others  have  no  faith  in  the  rocker-arm  t^T)e 
of  valve  action  of  either  class.  In  the  V  ty^pe  motor,  a  single 
camshaft  may  be  employed  between  the  two  groups  of  cylinders, 
operating  the  direct-lift  type  of  valves,  but  this  introduces  the 
necessity  for  valve  ports  with  valves  of  limited  diameter,  the 
efficiency  of  which  decreases  very  rapidly  as  the  speed  increases. 

Effect  of  Sjyeed  on  Valve  Action,  The  higher  the  r.p.m.  rate  of 
an  engine  the  shorter  the  time  in  which  its  valves  must  open  and 
close.  Likewise,  the  higher  the  speed  the  greater  must  be  the  lift 
given  to  a  valve  of  the  same  diameter  in  order  to  permit  filling 
and  emptying  the  cylinder  so  that  the  m.e.p.  will  not  be  adversely 
affected.  But  since  the  amount  of  lift  available  is  limited,  the 
diameter  of  the  valve  itself  must  be  increased  with  an  increase  in 
the  speed  to  prevent  cutting  down  the  volumetric  efficiency.  The 
hammering  action  of  the  valves  varies  with  their  weight  and  as  the 
square  of  the  speed,  and  increasing  the  speed  also  involves  the  use 
of  heavier  springs  to  close  the  valves  rapidly.  In  an  aeroplane 
engine,  which  must  be  run  constantly  at  full  load,  the  valves  and 
their  mechanism  are  almost  as  prolific  a  source  of  trouble  as  the 
ignition.  The  limiting  factors  of  valve  action  just  cited  serve  to 
illustrate  some  of  the  further  difficulties  involved  in  the  design  of 
very  high-speed  engines. 

In  speaking  of  speeds  in  this  connection,  however,  the  piston 
speed  and  not  merely  the  r.p.m.  rate  of  the  engine  is  meant.  It  is 
therefore  possible  to  reduce  the  valve  forces  by  adopting  a  high 
stroke-bore  ratio,  that  is,  a  long  stroke  engine.  The  time  neces- 
sary to  open  and  close  the  valves  increases  as  the  r.p.m.  decrease, 
and  the  longer  the  stroke  the  higher  the  piston  speed  for  a  given 
number  of  revolutions  per  minute.  As  the  time  in  which  a  valve 
must  open  increases,  both  its  acceleration  and  the  force  required 
to  lift  it  decrease. 
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Multiple  Valves.  A  further  reduction  in  the  valve  forces  nec- 
essary may  be  made  by  reducing  the  size  of  the  valves  and  increasing 
their  number  so  as  to  maintain  the  same  port  diameter.  The  valve 
area  varies  with  the  square  of  the  diameter  but  the  weight  varies 
as  the  cube,  'so  that  a  single  valve  must  be  made  much  heavier 
than  two  smaller  valves  giving  the  same  diameter  and  the  large 
single  valve  must  also  be  given  a  greater  lift.  As  the  force 
involved  is  the  product  of  the  weight  times  the  acceleration,  it 
will  be  sixteen  times  as  great  with  a  single  valve  as  with  any  one 
of  four  valves  each  one-half  the  diameter  of  the  former.  Many 
designers  have  accordingly  adopted  multiple  valv^,  some  using 
two  intake  and  two  exhaust  valves,  as  in  the  Curtiss  and  the 
Sturtevant  engines,  while  in  some  of  the  (Jerman  aeroplane  engines 
there  are  three  exhaust  valves  and  two  intake.  The  weight  saved, 
however,  is  not  represented  by  the  difference  in  the  weight  of  the 
valves  themselves,  since  the  multiple  valves  required  an  increase  in 
the  weight  of  the  operating  mechanism.  That  this  need  not  be  great, 
however,  is  evidenced  by  the  Maybach  engine,  in  which  the  three 
exhaust  valves  per  cylinder  are  operated  by  a  single  rocker  arm. 
Some  designers  consider  that  the  advantages  gained  by  the  employ- 
ment of  multiple  valves  does  not  compensate  for  the  complication 
introduced  and  prefer  to  obtain  the  same  results  in  a  different 
manner. 

Increase  in  Number  of  Cylinders,  Increasing  the  number  of 
cvlinders  has  an  effect  on  the  valve  action  similar  to  that  of  increas- 
ing  the  number  of  valves  per  cylinder.  With  a  greater  number  of 
cylinders,  the  size  of  both  the  cylinders  and  the  valves  decreases  if 
their  total  areas  are  to  remain  constant,  as  they  must  for  equal 
power  at  the  same  piston  speed.  With  the  smaller  cylinders,  the 
shorter  stroke  (for  equal  stroke-bore  ratio)  requires  a  higlier  r.p.m. 
rate  and  correspondingly  more  rapid  valve  action,  but  there  is  still 
a  considerable  reduction  in  the  valve  forces,  since  doubling  the 
number  of  cvlinders  decreases  the  force  on  each  valve  bv  about  65 
p>er  cent. 

Types  of  Valves,  Neither  the  rotary-  nor  sleeve-type  valve  has 
been  employed  on  aeroplane  engines,  probably  due  to  the  fact  that 
both  require  a  heavier  construction  than  the  poppet  vslv^  ^yA 
there  is  a  risk  of  their  binding  under  continued  fxiSlAosA  Ciow^^vst^^ 


20  AVIATION  MOTORS 

The  rotar>'  valve  has  not  proved  a  success  on  automobile  engines 
because  considerable  clearance  must  be  allowed  when  cold  so  as  to 
prevent  the  valve  from  sticking  when  expanded.  This  causes  the 
valves  to  leak  considerably  when  run  at  low  speeds,  though  this 
would  not  be  an  objection  on  the  aeroplane  motor  since  it  is  being 
operated  at  full  power  80  to  90  per  cent  of  the  time. 

Fuel  and  Oil  Supply.  Before  the  war,  the  gasoline  was  fed  to 
the  carbureter  by  gravity  in  the  great  majority  of  instances.  This 
practice,  however,  necessitates  placing  the  main  fuel  tank  in  a  posi- 
tion that  would  interfere  with  the  use  of  machine  guns  on  the  mili- 
tary aeroplane'and  would  also  expose  the  tank  to  a  greater  extent  to 
fire  from  an  enemy  machine.  Moreover,  the  weight  of  fuel  needed 
for  the  long  flights  now  conmion  would  require  tanks  of  a  size 
which  could  not  be  conveniently  supported  at  the  requisite  height 
in  a  biplane  even  if  the  space  were  available  in  such  a  position. 
Consequently,  the  main  fuel  tanks  are  now  generally  placed  under 
the  seats  in  the  cockpits,  supplemented  in  some  instances  by  an 
auxiliary  tank  under  the  cowl  of  the  motor.  In  an  arrangement  of 
this  kind,  the  fuel  is  transferred  from  the  main  tank  to  the  auxil- 
iary tank  by  vacuum.  Most  foreign  motors,  however,  are  fed  by 
pressure  direct  from  the  main  fuel  tanks,  though  this  has  the  draw- 
back that  a  shot  tlirough  any  part  of  the  tank  releases  the  pres- 
sure and  causes  a  stoppage  of  the  fuel  supply  to  the  motor.  Owing 
to  the  necessity  of  positively  oiling  every  moving  part  of  the 
motor,  lubrication  is  of  the  pressure  type,  much  more  powerful 
pumps  and  larger-bore  tubing  being  employed  than  is  ever  required 
in  an  automobile  motor.  Two  general  systems  are  in  use,  one  in 
which  the  oil  is  carried  in  the  sump  and  the  other  in  which  it  is 
all  pumped  out  of  the  latter  and  passed  through  a  small  radiator 
and  filter  each  time  it  is  used. 

Motor  Starters.  Both  electric  and  compressed-air  starters  are 
designed  for  use  on  aeroplane  engines,  and  with  the  increasing  size 
of  the  motors  employed  they  undoubtedly  will  come  into  more 
or  less  general  use.  The  same  conditions  that  have  militated  in 
favor  of  the  electric  type  of  starter  on  the  automobile  doubtless 
will  influence  its  adoption  on  the  aeroplane  despite  the  greater 
weight  involved  due  to  the  storage  battery.  This  added  weight  is 
not  so  great  as  might  appear  at  first  sight,  since  with  an  electric 
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starter  on  the  aeroplane  engine  the  battery  type  of  ignition  can  be 
employed  to  advantage,  thus  eliminating  the  weight  of  the  mag- 
netos now  used. 

At  the  point  of  development  at  which  the  military  aeroplane 
has  now  arrived,  however,  there  is  not  the  same  necessity  for  a 
starter  as  exists  on  the  automobile.  One  of  the  things  that  the 
pilot  of  a  military  aeroplane  never  does  when  preparing  for  a  flight 
from  his  base  is  to  start  his  own  motor.  Three  to  five  men  on  the 
ground  are  required  for  every  machine  that  takes  to  the  air,  so 
that  there  is  never  any  lack  of  assistance  for  this  purpose,  and,  if 
the  motor  stops  diu'ing  a  flight,  it  is  only  necessary  for  the  pilot  to 
dive  to  start  again,  granting  that  nothing  has  gone  wrong.  The  * 
rush  of  wind  against  the  propeller  will  then  turn  the  motor  over 
much  faster  than  any  starter  would  and,  if  the  engine  is  in  condi- 
tion to  run,  it  cannot  fail  to  start.  The  starter,  of  course,  would 
be  of  immense  value  in  an  emergency  on  the  ground,  as  in  cases 
where  the  pilot  was  compelled  to  land  in  enemy  territory  and  his 
escape  depended  on  being  able  to  take  to  the  air  again  in  the 
shortest  possible  time. 

Limiting  Factors  of  Aeroplane  Engines.  One  of  the  chief 
reasons  for  the  success  of  the  automobile  motor  is  the  fact  that  its 
design  provides  a  large  amount  of  reserve  power  which  it  is  rarely 
necessary  to  call  upon,  so  that  the  engine  is  permitted  to  operate 
under  very  favorable  conditions  for  at  least  95  per  cent  of  the 
time — ^that  is,  favorable  from  the  standpoint  of  reliability.  With 
the  severe  conditions  under  which  the  aeroplane  motor  must  oper- 
ate— it  runs  light  for  less  than  5  per  cent  of  the  time  it  is  in  use — 
numerous  cases  of  failure  were  bound  to  arise.  One  of  the  earliest 
of  these  was  trouble  with  the  pistons,  caused  by  the  increasing  gas 
pressures  employed.  This  has  been  overcome  to  a  large  extent  by 
the  adoption  of  aluminum  alloy  pistons.  Concurrent  with  this 
difficulty  was  the  overheating  of  the  exhaust  valves,  a  source  of 
trouble  that  has  been  aggravated  in  proportion  to  the  increase  in 
pressures  and  speeds.  Improvement  at  this  point  is  gradually  com- 
ing about  through  a  better  understanding  of  the  requirements  and 
the  adoption  of  expedients  that  will  meet  them.  By  adopting  a 
form  of  construction  that  brings  the  cooling  water  close  to  th^ 
stem,  the  maximum  amount  of  coolmg  is  obtaiiied  ^X  tXi^  n^^x 
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and  overheating  is  further  remedied  by  the  use  of  multiple  valves, 
which  reduces  the  amount  of  metal  in  each  valve  and  makes  it 
easier  to  keep  them  at  a  safe  temperature. 

The  ignition  system  is  the  chief  limiting  factor  with  which  the 
aeroplane  engine  designer  has  to  contend  and  the  critical  part  of 
this  is  the  spark  plug.  Both  the  center  electrode,  from  which  the 
spark  jumps  to  the  shell  screwed  into  the  cylinder,  and  the  insulation 
are  prolific  sources  of  trouble.  The  electrode  overheats,  since  very 
little  of  the  heat  is  conducted  to  the  air  lengthwise  of  the  stem  due 
to  its  small  diameter  in  proportion  to  its  length.  The  insulation 
becomes  conducting  w^hen  subjected  to  very  high  temperatures  for 
any  length  of  time,  the  failure  of  the  insulator  taking  the  form  of 
a  brush  discharge  across  its  surface;  as  the  insulating  properties  of 
a  substance  are  in  inverse  ratio  to  its  heat-conducting  ability,  this 
phase  of  the  problem  is  a  difficult  one  to  solve  by  the  adoption  of 
new  insulating  materials.  The  Bureau  of  Standards  has  devoted 
considerable  time  to  the  investigation  of  the  spark-plug  problem 
with  a  view  to  the  development  of  new  types  of  porcelain  insu- 
lators that  will  be  free  from  the  defects  of  those  now  employed,  and 
also  to  the  matter  of  improving  the  water  circulation,  since  the 
problem  is  largely  one  of  conducting  the  heat  away  with  sufficient 
rapidity.  Spark  plugs  with  quartz  insulators  have  been  tried,  as 
this  mineral  may  be  brought  to  a  white  heat  and  then  plunged 
into  cold  water  without  rupture.  This  behavior  of  quartz  in  itself 
has  no  bearing  on  the  question  of  insulation,  since  it  appears  that 
a  highly  heated  surface  itself  will  permit  the  brush  discharge,  of 
the  high-tension  current  across  it.  Another  expedient  that  holds 
out  prospects  of  good  results  is  the  introduction  of  a  small  amount 
of  cold  air  or  of  tlie  fuel  mixture  into  the  cavity  of  the  spark  plug 
about  the  central  electrode  at  each  suction  stroke. 

Size  Limitations,  Unlike  the  locomotive  or  the  automobile,  the 
capacity  of  the  power  plant  of  the  aeroplane  cannot  be  increased 
indefinitely  in  a  single  unit.  Above  a  certain  power,  additional 
independent  units  must  be  employed,  as  in  the  numerous  twin- 
motored  biplanes  and  seaplanes  and  the  Caproni  three-engined 
triplane.  Just  w  hat  are  the  limitations  as  to  the  size  of  these  units 
is  a  question  that  remains  to  be  determined.  Several  years  ago, 
the  largest  aeroplane  motors  used  developed  100  horsepower  and  it 
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pas  not  considered  at  that  time  that  tliia  figure  could  be  exceeded, 
iliar  examples  of  these  big  motors  of  earlier  days  were  the 
Ibm'teen-cjlinder  Gnome  revolving  air-cooled  tj^pe  and  the  sixteen- 
lylinder  V  tj^pe   water-cooled   Antoinette    which    was  excessively. 

Some  idea  of  the  extent  to  which  this  early  limit  has  been  sup-' 
ussed  may  be  liad  from  the  rating  of  the  new  Liberty  motor, 
which  is  a  twelve-cylinder  t>pe  and  develops  over  400  li.p.,  while 
the  Sutibeam-Coatalen  (British)  eighteen-cylinder  motor,  Fig.  1,  is 
rated  at  475  h.p.     The  cj'linders  of  the  Sunbeam  are  arranged  fan- 
wine  in  three  banks  of  six  each,  the  vertical  cylinders  in  the  center 
having  a  slightly  shorter  stroke.     The  connecting  nxl  of  each  group 
tliree   cylinders    in    a 
rsnsverse  plane  works  on 
kc<munon  crankpin,  thus 
emitting  the   use  of  a 
sry  short  crankshaft, 
"hat  further  increases  in 
["power  output  will  involve 
use  of  such  a  large 
I  number  of  cylinders  rather 
[  than    cylinders   of   in- 
'  creased  si7.e  -and  fewer  of 
them  is  rather  doubtful  in 
view  of  the  complication 
entailed.     Xo  less  than  six 
magnetos  and  six  carbu- 
reters  are   employed    on 
the  engine  illustrated,  tlie  magnetos  being  inclosed  by  the  alunxiuiun 
I  jtouaings  shown  on  the  end  of  the  engine.     As  each  cylinder  has 
wo  ignition   points,   there  are  thirty-six   spark   plugs   necessary. 
Ifultiple  valves  are  employed  and  they  are  operated  by  two  cam- 
lafts  on  each  group  of  cylinders,  these  shafts  being  driven  through 
i  train   of  spur  gearing   at  the  magneto  end  of  the  motor.     In 
Ipntrast  w^ith   this  complexity  some  of  the   German  and  Italian 
lotoRi  have  been  built  in  the  automobile  tj-pe  (that  is,  six-cylinder 
■I),  with  a  power  output  up  to  275  h.p.,  *h\\«  \\\e  V«^N«( 
~j  V  tyj)os  ui-f  hnllt  to  develop  350  to  400  \\.\..,  %(>  ^Wt  ^ 
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increase  obtained  in  this  particular  instance  would  scarcely  appear 
to  warrant  the  great  added  complication  involved. 

Effect  of  Altitude.  As  has  been  pointed  out,  the  chief  deter- 
mining factor  in  the  power  output  of  a  motor  is  its  mean  effective 
pressure,  or  m.e.p.  But  this  in  turn  is  largely  influenced  by  the 
initial  compression  given  to  the  charge  of  gaseous  fuel,  so  that, 
other  things  being  equal,  a  motor  with  a  high-compression  ratio 
will  develop  the  most  power.  There  are,  of  course,  two  limiting 
factors  in  this  connection:  first,  the  pressure  to  which  the  fuel  vapor 
can  be  subjected  without  causing  preignition;  and  second,  the  abil- 
ity of  the  various  working  parts  of  the  motor,  such  as  the  valves 
and  particularly  the  spark  plugs,  to  withstand  the  intense  tempera- 
tures reached  at  high  pressures.  Compression  ratios  as  high  as  6 
to  1  have  been  used,  in  other  words,  when  compressed,  the  gas 
occupies  but  J  the  space  it  did  before  compression,  but  a  general 
average  in  this  respect  would  probably  be  4  to  4.5  to  1. 

As  the  pressure  attained  by  this  initial  compression  is  com- 
posed in  part  of  the  j)revailing  atmospheric  pressure,  it  follows  that 
any  variation  in  the  latter  will  cause  a  corresponding  difference  in 
the  former  and  likewise  that  a  drop  in  the  initial  compression  pres- 
sure will  bring  about  an  equivalent  falling  off  in  the  m.e.p.  so  that 
the  power  output  of  the  motor  will  decrease  in  proportion.  Hence, 
an  aeroplane  motor  loses  in  efficiency  as  it  readies  higher  altitudes, 
this  reduction  in  output  being  due  to  the  decreasing  air  pressure  as 
the  machine  climbs. 

Formula  for  Initial  Compression.  When  the  compression  ratio 
is  known,  tlie  degree  of  initial  compression  may  be  calculated  by 
the  following  formula 

in  which  P'  is  the  compression,  or  final  pressure,  just  before  igni- 

V 
tion,  P  is  the  atmospheric  pressure,  and  -—  is  the  compression  ratio. 

Assuming  the  latter  to  be  4.5,  then 

P'  =  14.7(4.5)     =104  lb.  per  sq.  in.  absolute  at  sea  level 

absolute  being  the  compression  plus  the  atmospheric  pressure. 
Then  in  a  given  engine  having  a  compression  ratio  of  4.5,  104 
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pounds  per  square  inch  is  the  most  eflScient  initial  compression 
pressure  obtainable  with  that  engine  at  sea  level  and  its  m.e.p.  for 
the  maximum  horsepower  output  would  be  based  on  that  figiu-e. 
The  marked  falling  off  in  the  output  of  the  same  engine  at 
greater  altitudes  will  be  apparent  on  calculating  the  drop  in  initial 
compression  for  different  levels.  The  decrease  in  atmospheric  pres- 
sure at  various  altitudes  up  to   10,000  feet  is  given  in  Table  II. 

TABLE   II 
Atmospheric  Pressure  at  Various  Levels 


HeiKht 

Prcasuro 

(ft.) 

(lb.  per  sq.  in.) 

Sea  level 

14.7 

1000 

14.2 

2000 

13.6 

3000 

13.1 

4000 

12.6 

5000 

12.1 

6000 

11.7 

7000 

11.25 

8000 

10.8 

9000 

10.3 

10000 

10.0 

Decrease  in  Compress  ion.  When  the  engine  in  question  is 
operating  at  an  altitude  of  7000  feet,  it  no  longer  has  the  advantage 
of  an  atmospheric  pressure  of  14.7  pounds,  since  this  has  been  reduced 
to  11.25  pounds  per  square  inch,  which  gives  a  result  as  follows 

P'=  11.25(4.5)^  ^  =  79.4  lb.  per  sq.  in.  absolute 

This  is  accordingly  24.6  pounds  less  than  the  maximum,  or  most 
efficient  pressure  at  s6a  level.  The  compression  above  atmosphere 
in  the  first  case  is  104—14.7,  or  89.3  pounds,  and  in  the  second, 
79.4  —  11.25,  or  68.15  pounds.  There  will  accordingly  be  a  corre- 
sponding drop  in  the  m.e.p.  developed  and  the  output  of  the 
engine  will  be  reduced  in  proportion.  For  example,  if  this  engine 
developed  80  h.p.  at  sea  level,  its  output  at  7000  feet  would  be 
14.7  :  11.25  ::  80  :  h.p.  at  7O00  feet,  or  61.2  h.p.,  since  the  horse- 
power developed  varies  directly  as  the  atmospheric  pressure.  This 
relation,  however,  only  holds  true  when  the  initial  compression  is 
constant,  so  that  with  the  drop  in  the  latter  the  actual  falling  off 
in  power  would  be  even  greater. 
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AMERICAN   TYPES 

EARLY    MODELS 

Original  Wright.     Tii  afTonl  jui  titiderstan<iiiig  of  the  stridl 

t  made   ill    a   relatively    few    years,    tlie   tiescriptinri    nf   tile   origilil 

l^^'right  motor  that  appeared  in  the  first  edition  of  this  work  \ 

r  given  here.     When  tlie  Wright   Bmtlicrs  attaeked  the  pn)l)Iera  I 

using  power  for  their  flights.  the,\'  seareiied  the  market  for  a  sun 

able  motor  but  were  unable  to  find  anything  that  met  their  requicjT 


^      Fii,  2.     Riitbt  SidF  a(  Wriiihl  tmr-Cyliuikr'iVr'roniiuMul  M.ilor 

ments.  Alt  will  he  recalled  that  the  automobile  motnr  was  not  j 
very  hirhly  developed  power  unit  in  1902.     They  were  accurdin 
compelled  to  develop  a  design  by  study  and  experiment,  \ 
case  (jr  an  aeroplane  and  the  propellers.     The  result  was  excco^ 
ingly/aimple  and  effieient  motor  of  tlie  four-cyrle  type,   Fig,  i 
^whicj^  resembled  the  automohile  motor  of  li^'ht  nirs  of  that  I 
lv.T...■a^^in,WlK■luVutlyo^^ 
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^^■Bse,  of  unusual  lieptli,  of  aluminum  alloy,  a^  weir  also  tlie  wa 
^Rackets  of  the  cylinders.     The  exhaust  valven  were  in  rages  in  the  I 
^Kbeadi*  ojiening  directly  to  the  air  and  were  oj>erated  by  uieaiia  of  I 
^Profker  arms  alongside  of  the  automatic  iiik't  vahes.    The  oil  was 
carried  in  a  si>ecial  tank  fiimiing  the  holtoin  of  the  orie-piece  crank- 
case  casting,   lubrication  being  insured  by  a  small  gear  tjpe  of  1 
pump  driven   from   the   camshaft.     A   second   small   gear   pump, 
driven  in  the  same  manner  and  h)cated  l>eside  the  oil  piunp.  i 


Wing 


■  the  purpose  of  supplying  the  fuel  to  the  engine,  a  carbureter 
;  dispensed  with  in  \'iew  of  the  extreme  variations  of  altitude  J 
un<lcr  which   the  motor  must  operate.     An  is  evident  from   the  ' 
illustration,  this  pump  delivered  the  gasoline  direct  to  a  mixing  .1 
mber  located  at  an  <.-lbow  of  the  intake  manifold,  the  end  of  4 
lliieh  was  open  to  the  air.     An  injector  controlled  the  amount  of  J 
toline  supplied  to  each  cylinder  in  direct  proportion  to  the  speed  I 
f  the  engine.     By  comparison  with  the  highly  devtVi\i>:A.  VjTje;  dt 
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^^n^Brbureter  now  employed,  this  devit-e  was  a  reversion  to  the  olq 
^^■statioimr>-  type  of  mLxer. 

^^M        Ignition    was  provided   by   a    "Mea"   high-tension   magnet 
^^Hdriveu  by  a  two-to-one  gear  on  the  end  of  the  camshaft  but  ( 
^^■«ide  the  crankcase,  Fig,  3,  the  magneto  being  set  on  a  Iwd  cat 
^^■integral   with   the  latter.    The   cooling   water   was   circulated 
^^P'lneans  of  a  centrifugal  pump  attached  directly  to  the  end  of  i 
^^E  crankshaft,  as  shown  by  the  view  of  the  left  side  of  the  moto 
^^V  Fig.  -i,  which  also  illustrates  the  magneto  and  its  drive.     Tlie  rat 
^^M  ator  con.si.-itc^l  of  a  small  group  of  Hnt  Mriicjil  luppiT  tuljes  sevefi 


I 


rranuutMion  ol  Wrigbl  "Baby"  I 

feet  in  height  and  with  small  aluminum  headers  at  each  i 
Unlike  many  designers  of  aeronautic  motors  of  that  time,  tU 
Wright  Brotliers  did  not  attempt  to  reduce  weight  at  the  expeni 
of  safety,  as  is  very  evident  from  the  liberal  flj-wheel  provide 
Where  not  more  than  four  cylinders  are  employed,  there  is  i 
other  single  feature  that  adds  so  greatly  to  the  reliability  of  | 
motor  and  the  unifonn  delivery  of  its  power  output  b 
of  ample  weight.  Tliis  essential  was  of  web  pattern  ami  was  t 
cast  iron  instead  of  being  the  usual  spoked  wheel  cgmmori 
iphycd.     The  rylindcr  dimensinn-i  were  4J-i 
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■oke,  the  power  output  being  30  to  35  liorscpower  at  about  120() 
r.p.m.  The  total  weight,  not  incliitling  the  radiator  or  water  sup- 
ply, was  180  pounds,  or  5J  to  6  pounds  per  horsepower,  whioh  is 
very  high  as  compared  with  the  weights  of  the  majority  of  aero- 
nautical Diotora.  The  power  was  transmitted  to  the  propellers 
tlirough  the  two  sprockets  sliown  on  the  crankshaft  at  tlie  fl.\"wheel 
tnd  and  nickel-steel  roller  chains,  one  of  the  latter  lieing  erassed  to 
reverse  the  motion  of  its  screw.  For  the  "bahj'"  Wright  machine 
and  the  "racer",  an  eight-cylinder  V  t>pe  motor,  Fig,  4,  character- 
ized throughout  by  the  same  features  of  design  was  employed. 
This  was  rated  at  60  horsepower  atid  drove  the  propellers  at  a 
rate  of  spee<i  much  higher  than  40()  r.p.m,,  the  rate  at  which  they 
^Hnmed  in  the  standard  machine. 

^^B     Curtiss.    On  the  early  Curtisa  aeroplanes,  a  four-cj'linder  ver- 
^^KaJ  foiir-Oycle  air-cnoled  motor,  which  was  practically  the  same 


I  inost  respects  as  the  standard  automohilo  type,  was  employed. 
I  4pvebl)Ml  about  25  horsepower.     Tt  snoti  f^nw  way.  ho'seiwi*^ 
p  watciw^-ooled  \  i  )    .  .  A\*aJ 
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Efneral  design  rated  at  50  horaepower,  and  it  was  with  this  mai 
I  that  Curtiss  made  all  his  early  flights  ot  note. 

Qnome  Revolving-Cylinder  Type.    While  the  rcvolving-cylin* 
I  motor  has  been  known  for  a  number  of  years,  tlie  Adains-Pat 
i  (American)  being  one  of  the  firat  sucoessful  motors  of  this  ty] 
I  it   did    not   come    into    great   prominence   until    10!0,   and 
I  attention  was  directed  toward  it  mainly  through  the  perTonnanil 
of  the  Gnome  motor  on  1 
niirnerous    French   machim 
ciiinpetiug   at    the    Inten 
tionul  Meet  (October,  19I(^ 
Tlif   Gnome   motor   is  bid 
in    SO-  and    l(M)-horsepow» 
nioilels,  the  former  of  seven 
cylinders,  shown  in  Figs.  6, 7, 
and  S,  and  the  latter  of  foiq 
teen    cylinders — really 
^^■v^■n-<■ylinder  motors,  Fig8 J 
find  10.     The  weight  of  i 
MHI-liarsepower   model   > 
picte  is  :J2l)  pounds,  op  ' 
jMiunds  per  horsepower,  whi 
ajipcars  to  be  the  minimi^ 
reached  in  a  practical  ' 
The   material   and    matd 
work  throughout  are  of  1 
very  finest,  the  motor  revolvi 
ing    in     practically    p>erfec 
bRliime.      It    is    estimate 
however,  that  the  seven-cj-tinder  motor  expends  at  least  7  horg 
power  in  overcoming  the  resistance  <if  the  air  due  to  its  rt-voli 
tion,  the  cylinders  having  air-coohng  flanges  which  taper  broi 
near  the  heads,  thus  presenting  considernbh-  surface.     The  c>- 
ilers  are  mounted  symmetrically  about  ft  drum-Kliajjed  crank* 
and    ha^'e   large   eximust   valves  placed   in   the   heads   and 
ated  by  rocker  arms.    The  inlet  valves  arc  placed  in  the  heads 
,  the  pistons  and  are  automatic,  so  that  wntrifiigal  force  i*  tal 
tag'    uf  in  .ir.iw   iti  tlie  fuel  as  well  as  to  cx]>el  the  bui 


Fig.U 
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gases  through  the  exhaust  valves.  Both  valves  are  counterweighted 
to  neutralize  this  force.  The  bore  is  about  4.4  inches  and  the 
stroke  4.8  inches,  all  seven  connecting  rods  being  attached  to  a 
common  crankpin  or  to  a  two-throw  crankpin  in  the  fourteen- 
cylinder  tjpe,  that  is,  one  rod  acts  on  the  pin  and  the  others  are 


Fit.  T.     DeUilfd  Side  Vipw  of  Srvcn-Cylindcr  GnoniE  Motor 

articulated  to  it.  Fuel  is  admitted  to  the  crankcase  through  the 
hollow  crankshaft  to  one  end  of  which  the  carbureter  is  directly 
attached,  while  lubricating  oil  is  injected  in  the  same  manner  by 
means  of  a  twoKrylinder  reciprocating  pump  tt-ith  two  distributors. 
The  receptacles  into  which  the  spark  plugs  are  screwed  &x«  vxAse- 
nally  threaded  steel  tubes  welded  into  the  side  ol  \i«  c^^ov^. 
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while  the  automatic  inlet  valves,  balanced  by  counterweights  to 
offset  the  action  of  centrifugal  force,  are  made  so  that  they  can  be 
withdrawn  through  the  cj'linder  heads,  making  it  necessary  to  take 
down  the  engine  for  this  purpose. 

As  the  motor  revolves  at  1300  r.p.ro.  normally,  the  centrifugal 
force  is  terrific  and  the  oil  is  practically  pumped  right  through  the 


Fig,  8.     End 


'  of  Sewn-Cylinder  Gnome  Mi 


motor,  in  other  words,  pumped  in  and  thrown  out.  Castor  oil  is 
enployed  for  the  purpose  and  the  consumption  is  very  great,  at 
least  a  half-gallon  of  lubricant  being  necessary  for  every  gaUon  of 
gasoUne  used.  The  consumption  of  fuel  is  also  very  high — 300 
^ams  per  horsepower  hour,  about  10.6  ounces  of  gasoline,  or  dose 
to  90  pounds  per  hour  for  the  IQO-horsepower  motor,  which,  wi^i  the 
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iricant,  would  make  100  pounds  of  gasoline  and  oil  required  to 
riin  this  motor  one  hour.  This  extravagant  consumption  of  fuel 
and  oil,  particularly  such  a  high  priced  lubricant  as  castor  oil,  is  the 
chief  drawback  of  the  revolvingK-yliuder  motor. 


MODERN   AMERICAN   TYPES 
Curtiss.    Several  types  of  Curtiss  motors  of  vurjing  powers 
are  now  built,  but  as  their  design  and  construction  are  practically 
standard  throughout,  a  description  of  the  eight-cylinder  V-2  200-h.p. 
mod*'),  Fig.  II,  will  serve  to  cover  all  of  them. 

Cylinders.    The  cylinders  are  steel  forginga,  machine!  all  over, 
with  the  top  wall  as  well  as  the  side  wall  of  the  water  ^ftatsS., 
;  metal,  welded  on.    The   ciAWW    w^aaa  »s 
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ribbed  inside  the  jackets  to  reinforce  them  and  the  cylinders  are 
bolted  to  the '  aluininum  alloy  crankcase  by  twelve  studs.  The 
cylinders  themselves  are  staggered  on  the  crankcase,  so  that  one 
group  of  four  is  slightly  in  advance  of  the  other.  The  pistons  are 
die-cast  of  aluminum  alloy. 

Valves  and  Valve  Mechanism.    Nickel-steel  valves  are  employed 
for  the  intake  and  tungsten  steel  for  the  exhaust,  coil  springs  being 


used  on  the  former  and  cantilever  t\'i»e  springs  on  the  latter,  the 
\jdves  oi)erating  I),\-  means  o"f  nK'ker  arms  actuated  by  a  single 
camshaft  in  the  tup  <if  tlie  crankcase  between  the  two  groups  of 
cylinders.  Cast-aluminum  \-al\c  cages  with  a  cast-iron  valve  stem 
guide  incorporated  in  tliem  are  used  for  the  intake  valves,  while 
the  exhaust  valve  cages  are  of  east  iron  and  heavily  ribbed  to 
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^Hnnlttate  cfwling.  The  rocker  arms  are  H-sertion  fnrgings  of  case- 
^nartlened  steci,  both  these  as  well  as  the  valve  springs  being  nickel- 
jilated.  The  push  nwls  are  tubular  with  a  ball  end  at  the  valve 
lifter,  the  clearance  adjustment  being  provided  at  the  upper  end 
uf  the  rod.  The  camshaft  is  drop-forged  with  caius  integral  and 
is  drilled  out;  it  is  mounted  on  aluminum  alloy  castings  forming 
five  split-tjpe  bearings. 

Lubrication.     Hotary  gear  pumps  force  the  oil  from  the  sump 
>  the  rear  end  of  the  holkiw  camshaft  from  which  it  is  distrib- 


Fn-  II.     CurtiM  ■■V-2"  20U-Hor9i'po*et  E]i(ht-r.vl.i.,l,i  ^i..u„ 

utcd  to  the  camshaft  bearings,  timing  gears,  crankshaft  bearings, 
njn necting-rod  big  ends,  piston  pins,  and  cylinder  walls  in  the  order 
;;iven.  The  return  is  by  gravity  through  drain  tubes  to  the  drain 
iiinp  and  back  to  the  oil  sump,  the  oil  being  filtered  through 
'  movable  wire  gauze  screens  before  reaching  the  pumps.  At 
I4IM)  r.p.m,,  the  oil  is  distributed  under  a  pressure  of  60  pounds. 
There  are  three  oil  pumps,  one  for  the  feed  and  two  for  the  drain. 
Cooiing.  A  duplex  tj^pe  of  centrifugal  pump,  that  ^,  \:«'.i 
KOu  the  same  shafi  in  se/turvite  housings,  \i  &V\<^  ^vcec^'^l 
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to  the  rear  end  of  the  motor  and  is  driven  by  inclosed  gears  from 
the  crankshaft,  as  shown  in  Fig.  11.  This  constitutes  practically 
two  separate  pumps,  each  of  which  circulates  the  cooling  water 
from  the  radiator  around  each  group  of  four  cylinders  and  return, 
independently. 

Carburetion  and  Ignition.  Two  Zenith  carbureters  with  sepa- 
rate manifolds  are  fitted,  making  each  group  of  four  cylinders 
practically  a  separate  engine.  Hot  air  is  supplied  to  these  carbu- 
reters from  the  exhaust  manifolds  through  the  large-bore  flexible 
tubing  shown  in  Fig.  11.  An  auxiliary  air  intake  is  provided  for 
altitude  adjustment.  The  carbureters  are  located  close  to  the  level 
of  the  bottom  of  the  crankcase  and  are  supported  from  the  latter 
by  steel  struts.  The  carbureter  floats  are  placed  at  a  90-degree 
angle  to  the  longitudinal  axis  of  the  motor  to  insure  a  uniform  flow 
of  gasoline  to  the  float  chamber  during  the  variation  of  the  angle 
of  ascent  or  descent.  The  induction  pipes  and  cast-aluminum  mani- 
folds are  water-jacketed. 

Ignition  is  provided  by  two  high-tension  eight-cylinder  single- 
spark  magnetos  located  on  top  of  the  crankcase  at  the  rear  end 
and  driven  from  the  timing  gears  through  a  flexible  coupling.  One 
magneto  fires  the  inner  line  of  spark  plugs  on  each  group  of  four 
cylinders,  and  the  other  magneto,  the  outer.  Both  throttles  of  the 
two  carbureters  and  the  spark  advance  of  the  magnetos  are  inter- 
connected. 

Weight.  The  motor  is  designed  to  drive  the  propeller  direct, 
and  the  horsepower  curve  shows  that  it  develops  its  normal  rated 
output  at  1300  r.p.m.,  its  maximum  of  228  h.p.  being  developed  at 
1650  r.p.m. 

Duesenberg.  A  four-cylinder  125-h.p.  model  of  the  Duesen- 
berg  motor  specially  designed  for  use  in  training  planes  is  shown 
in  Fig.  12.  As  will  be  noted  in  the  illustration,  it  embodies  several 
unconventional  features,  the  most  apparent  of  which  is  the  use  of 
rocker  arms  operating  the  valves  directly  from  camshafts  placed  in 
the  usual  location  along  the  top  of  the  crankcase. 

Cylinders.  Another  unusual  feature  is  the  casting  of  the  com- 
plete four-cylinder  unit  with  rocker-arm  supports  and  flanges  for 
the  attachment  of  the  water  jackets  in  a  single  piece  of  s^nisteel. 
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;  base,  is  comiilete  in  two  parts.  The  cylinder  dimensions  are 
[  by  7  inches^  giving  a  piston  displacemeiit  of  496  cubic  inches, 
ind,  with  the  high-i-omprcssion  pressure  employed,  an  enormous   . 

1  would  fall  on  tlie  cjlindcr  bolts,  so  that  the  thniugh  type  of 

nit  is  employed  and  serves  to  hold  the  hearing  caps  as  well.     Tlie 

istons  are  of  an   aluminum   alloy  termed  magnalite   (aluminum 

I  by  the  addition  of  a  percentage  of  magnesium)  and  are 

E'iml&'tony  ribs  to  facilitate  the  transfer  of  the  heat  from  the 


Ftg,  13.     Fmir-Cylinili^r 
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nd  to  the  skirt  of  the  piston.  Only  a  single  wide  piston  groove 
I  cut  in  each  piston,  which  is  located  so  as  to  leave  a  land  about 
I  inch  in  width  above  it.  The  upper  half  of  tliis  portion  is  slightly 
Eapercd,  the  remainder  of  the  cylinder  being  turned  cylindrical  with 
e  exception  of  the  wrist-pin  belt  which  ia  relieved,  or  undercut. 
By  drilling  a  number  of  holes  in  tlie  skirt  of  the  piston,  its  weight 
I  reduced  to  26  ounces. 

To  make  the  pistons  gas-tight,  a  special  piston  ring  is  used, 
1  was  rlcvcloped  bj'  the  makers  of  the  Hucsenberg  engine  aud  . 
:i    «i>li'  rin^;   at   tiiL'   bntiuin   nf  tlie  groove  ) 
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narrow  inwardly  flanged  rings  over  the  wide  ring.  As  the  narrow 
rings  are  prevented  from  shifting  with  relation  to  each  other  and  the 
passage  through  each  is  closed  by  the  other,  the  escape  of  gas 
through  their  joints  is  prevented.  The  connecting  rods  are  tubular 
but  are  made  of  drop  forgings,  one  advantage  of  the  tubular  form 
in  a  rod  that  has  to  be  cut  down  to  save  weight  being  that  this 
shape  lends  itself  most  readily  to  machining.  The  head  and  bolt 
lugs  are  forged  integral  with  the  rod.  At  its  upper  end  the  con- 
necting rod  is  clamped  fast  to  the  wrist  pin,  which  is  a  piece  of 
steel  tubing  turned  out  cylindrically  and  then  tapered  toward  each 
end  from  the  center,  so  that  the  thickness  of  the  wall  is  reduced 
almost  to  the  vanishing  point  at  the  ends  which  bear  in  the  piston. 
The  connecting  rods  are  bored  out  to  a  diameter  of  J  inch  and 
tiuTied  down  on  the  outside  to  obtain  a  uniform  thickness  of  wall 
and  weight  in  all  the  rods. 

Valves  and  V^alve  Mechanism.  Tungsten  steel  valves  are 
employed  and  they  are  of  slightly  different  dimensions,  the  inlet 
valves  measuring  1^  inches  in  diameter  while  the  exhaust  valves 
are  2  inches,  two  valves  of  each  type  being  used  in  each  cylinder. 
A  narrower  seat  is  provided  for  the  inlet  valves  than  for  the 
exhaust  to  increase  the  unit  pressure  on  the  valve  seat,  which  aids 
in  keeping  them  tight;  the  use  of  a  wider  seat  for  the  exhaust 
valves  facilitates  their  cooling.  Despite  the  difference  in  their 
diameter,  the  clear  opening  of  all  the  valves  is  IM  inches.  The 
Paige  valve  construction  is  used  for  the  inlet  valves,  which  makes 
it  possible  to  insert  the  exhaust  valves  through  the  openings  for 
the  inlet  valves  when  assembling  the  motor  and  then  to  put  the 
inlet  valves  with  their  cages  in  place.  Outlet  ports  for  both  sets 
of  valves  are  directed  upward  at  a  slight  angle  to  the  perpendicular. 

The  valves  are  placed  horizontally  in  the  sides  of  the  cylinder 
heads  and  are  operated  by  long  rocking  levers  actuated  by  cam- 
shafts on  either  side  of  the  crankshaft.  These  levers  are  machined 
all  over  and  have  their  webs  drilled  but  to  lighten  them.  The 
camshafts  are  forged  with  the  cams  integral  and  are  made  of  large 
diameter  to  insure  accurate  diameter,  the  entire  shaft  being  bored 
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out  to  save  weight.  They  are  driven  through  spur  gearing  f^m 
the  crankshaft.  While  shown  exposed  in  Fig.  12,  the  comnete 
valve  mechanism  is  housed  by  a  sheet-aluminum  cover  fasteneJ  by 


ACVQ 


AVIATION  MOTORS  39 

a  number  of  machine  screws  to  the  cylinder  casting  on  each  side, 
so  that  no  moving  parts  of  the  motor  are  visible  when  it  is  in 
service. 

Lubrication.  The  oiling  system  is  a  combination  of  the  force- 
feed  and  spray  types.  Near  its  center  one  of  the  camshafts  car- 
ries a  spiral  gear  forged  integral  with  it  and  serving  to  drive  the 
oil  pump  located  in  the  base.  This  pump  forces  oil  through  a 
main  delivery  tube  and  cored  passages  in  the  crankcase  to  the  three 
main  bearings  of  the  crankshaft;  then  through  small  tubes  pressed 
into  the  crankshaft  to  the  crankpin  bearings.  On  reaching  the 
crankpin  bearings,  the  oil  is  thrown  off  by  centrifugal  force  and 
reaches  all  the  moving  parts  of  the  motor.  This  constitutes  the 
main  oiling  system.  As  an  auxiliary  system,  splash  lubrication  also 
is  provided,  a  small  oil  trough  cast  in  the  crankcase  under  each 
connecting  rod  collecting  a  quantity  of  oil  into  which  the  connecting- 
rod  cap  dips  at  each  revolution.  AH  surplus  oil  from  both  the 
spray  and  splash  systems  returns  by  gravity  to  the  main  supply 
sump,  where  it  is  strained  before  being  pumped  out  again.  The 
oil  pump,  which  is  of  the  gear  tj'pe,  is  duplex,  one  section  forcing 
oil  from  the  sump  to  an  external  tank  where  it  is  cooled,  while 
the  other  section  draws  the  oil  from  this  tank  and  distributes  it  to 
the  bearings.  The  troughs  under  the  connecting  rods  are  so  formed 
that  the  oil  will  be  retained  in  them  regardless  of  the  angle  of  flight. 
Under  normal  operating  conditions,  the  oil  pump  maintains  a  pres- 
sure of  25  pounds  to  the  square  inch,  which  is  indicated  by  the 
usual  pressure  gage  mounted  on  the  instrument  board. 

Cooling,  The  cylinders  are  cast  so  that  the  cooling  water 
reaches  every  part  of  them,  a  much  greater  space  being  allowed 
between  the  second  and  the  third  cylinders  than  between  the  others 
to  provide  for  the  width  of  the  center  main  bearing.  With  the 
exception  of  those  parts  of  the  water  jackets  surrounding  the  valves, 
the  cast  portion  of  the  jackets  consists  chiefly  of  supporting  flanges 
to  which  thin  aluminum  plates  are  screwed  home  on  gaskets,  these 
plates  covering  both  the  sides  and  the  ends  of  the  cylinder  casting. 

Carburetion  and  Ignition.  A  four-part  inlet  manifold  termi- 
nates in  a  standard  carbureter  flange  to  which  any  one  of  several 
makes  of  carbureters  can  be  attached.  Ignition  is  by  means  of  a 
sinidi^  magneto  of  the  type  producing  two  sparks  in  each  cylinder 
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at  each  opening  of  the  contact  breaker,  the  spark  plugs  being 
located  between  the  valves  in  the  cylinder  heads. 

Weight  Without  the  gear  reduction,  the  first  engines  of  this 
type  weighed  436  pounds,  but  a  number  of  refinements  in  the 
design  later  reduced  this  to  390  pounds.  The  chief  of  these  was 
the  substitution  of  a  pressed-steel  oil  sump  in  place  of  the  aluminum 
casting  originally  employed.  As  the  motor  produces  125  h.p.  at  a 
speed  of  2000  r.p.m.,  which  corresponds  to  a  piston  speed  of  2325 
feet  per  minute,  this  is  equivalent  to  a  weight  of  3.12  pounds  per 
horsepower  for  the  motor  alone.  Under  test,  this  motor  has  gen- 
erated as  much  as  148  h.p.  at  a  speed  of  2100  r.p.m.  at  112.3 
pounds  per  square  inch  brake  mean  effective  pressure.  The  same 
builders  have  also  produced  a  twelve-cylinder  aeroplane  engine  of 
larger  cyHnder  dimensions  and  rated  at  300  h.p.  at  a  speed  of  1400 
r.p.m.  This  is  of  the  V  t^-pe  with  the  cyHnders  set  at  an  angle  of 
60  degrees,  and  single  valves  are  used. 

Liberty  Motor.*  In  view  of  the  fact  that  detailed  specifica- 
tions and  illustrations  of  the  Liberty  motor  naturally  will  not  be 
available  for  publication  until  the  reasons  for  keeping  this  informa- 
tion secret  no  longer  exist,  no  little  misinformation  concerning  it 
and  its  purposes  has  become  current.  With  regard  to  the  latter, 
it  has  been  designed  solely  with  a  view  to  forming  the  power  plant 
of  military  aeroplanes — fighting  machines.  It  is  not  the  intention 
to  displace  the  numerous  makes  already  on  the  market  for  equip- 
ping training  machines,  since  these  engines  serve  their  purpose 
admirably,  though  not  fitted  for  the  more  strenuous  service 
demanded  of  service  machines.  The  only  training  planes  which 
will  be  equipped  with  Liberty  motors  will  be  the  limited  number 
necessary  at  the  training  camps  and  schools  for  the  final  instruc- 
tion of  aviators. 

Reasons  for  Special  Motor,  When  this  country  entered  the 
war,  there  was  no  single  aviation  motor  being  built  anywhere  with 
which  engineers  generally,  or  for  that  matter,  even  manufacturers 
of  the  motors  themselves  were  satisfied  as  rt^presenting  an  ultimate 
type.  Consequently,  there  was  no  particular  foreign  motor  that 
could  either  be  copied  as  it  stood  or  sufficiently  modified  to  meet 


^Kxrerpts  from  a  paprr  by  Major  J.  G.  Vincent,  Signal  Corps,  U.S.A.,  a  deaisner  of  tte 
motor,  read  before  the  .S.A.l!i. 
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the  requirements  of  a  standard  motor  of  high  efficiency  that  could 
be  turned  out  rapidly  in  quantities.  Granting  the  superiority  of 
many  foreign  aviation  engines  in  many  respects,  it  must  be  borne 
in  mind  that  they  are  built  whereas  American  motors  are  inanu- 
fadvredy  and  any  foreign  type  would  have  to  be  modified  very  con- 
siderably to  adapt  it  to  American  methods  of  quantity  production. 
Motors  that  are  built  are  made  complete  in  the  same  shop  in  com- 
paratively small  numbers  and  to  a  very  large  extent  that  shop 
follows  its  own  standards  throughout  so  that  a  great  many  of  the 
parts  of  the  engine  are  of  special  design.  In  a  manufactured  engine, 
on  the  other  hand,  the  parts  are  all  standardized  and  may  be  the 
product  of  a  score  of  shops  in  widely  separated  parts  of  the  country; 
more  than  one  factory  may  be  making  the  same  parts  in  order  to 
insure  their  production  in  sufficient  quantity  to  keep  pace  with  the 
assembling.  These  parts  do  not  come  together  until  they  are 
actually  assembled  into  the  complete  engine  and  there  is  no  fitting 
or  machine  work  done  on  them  after  they  leave  the  original  pro- 
ducer's hands. 

No  American  type  then  in  existence  could  be  adopted  since 
there  was  no  American  motor  that  developed  sufficient  power  to 
meet  the  requirements  at  the  front.  As  it  was  desired  to  combine 
all  the  benefits  of  the  experimental  work  done  in  French,  British, 
and  German  shops  extending  over  several  years  in  the  minimum 
number  of  types  to  facilitate  production,  it  was  decided  to  design 
a  composite  engine  that  would  embody  all  these  approved  features 
and  be  entirely  free  from  experimental  features. 

Design  in  General,  At  the  outset  the  plan  was  to  manufac- 
tiu^  a  number  of  engines  with  interchangeable  parts,  the  number 
of  cylinders  ranging  from  four  to  twelve  and  even  more,  if  this 
proved  to  be  desirable.  The  first  unit  undertaken  was  an  eight- 
cylinder  engine  capable  of  developing  150  h.p.,  but  before  this  was 
completed,  it  was  decided  to  standardize  a  twelve-cylinder  engine 
of  300  h.p.  or  more,  since  more  than  150  h.p.  is  required  for  high- 
speed fighting  machines.  Consequently,  the  design  of  a  completely 
new  engine  was  decided  upon — one  for  which  the  drawings  and 
specifications  would  be  prepared  by  the  government,  so  that  they 
could  be  distributed  among  the  manufacturers  all  over  the  country, 
thus  making  it  possible  to  produce  the>ifigines  in  large  number^ 
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Major  J.  G.  Vincent  and  Major  Hall  of  the  Airplane  Engineer- 
ing Division,  Signal  Corps,  U.S.A.,  were  ordered,  on  June  4,  1917, 
to  design  such  an  engine  and  build  ten  for  trial  purposes.  The 
drawings  were  made  by  a  large  force  of  draftsmen  in  Detroit  and 
then  sent  out  to  manufactiu^rs  in  different  parts  of  the  countrj', 
resulting  in  the  completion  of  the  first  engine  in  twenty-one  daj's. 
This  included  the  making  of  patterns  and  dies,  such  as  the  die  for 
forging  the  crankshaft.  To  achieve  such  phenomenal  speed  as  this, 
each  essential  was  considered  separately  and  its  design  concentrated 
on,  first  considering  the  best  design  and,  second,  the  best  manufac- 
turing construction.  In  this  manner,  the  cylinders,  valve-operating 
mechanism,  crankshaft,  crankcase,  cooling  and  ignition  units  were 
handled  and,  as  fast  as  each  was  settled  on,  the  drawings  were  dis- 
tributed, so  that  the  actual  making  of  the  various  parts  was  well 
under  way  long  before  the  design  itself  had  been  entirely  completed. 
Cylinders,  While  the  cylinders  of  the  first  sample  motor  were 
"hogged'*  from  8-inch  solid  bar  steel,  the  standard  cylinders  are 
made  from  steel  tubing  and  the  manner  in  which  this  is  carried  on 
is  an  excellent  example  of  the  rapid  production  methods  employed. 
The  tubing  is  cut  to  the  proper  length  and  by  a  clever  arrange- 
ment the  end  that  is  closed  in  and  the  small  fissure  resulting  comes 
just  where  the  port  is  bored  out  so  that  any  bad  metal  is  elimi- 
nated.    The  cylinders  are  set  on  the  crankcase  in  a  45-degree  V. 

Valves  and  Valve  Mechanism,  Single  inlet  and  exhaust  valves 
are  used  in  each  cylinder  and  are  given  ample  lift,  the  exhaust 
valve  opening  52  degrees  early  and  the  inlet  valve  closing  45  degrees 
late,  the  valves  being  set  at  an  angle  of  30  degrees.  The  use  of 
multiple  valves,  which  have  been  employed  to  a  great  extent  in 
German  engines,  was  not  considered,  since  four  valves  are  much 
harder  to  cool  than  two  and  it  is  not  good  practice  to  resort  to 
their  use  until  the  limit  has  been  reached  with  the  two  valves. 
Until  a  lift  of  \  inch  of  the  clear  diameter  of  the  valve  is  given, 
the  valve  is  not  really  operating  efficiently,  so  that  it  would  be  a 
disadvantage  to  emph)y  more  than  two  valves  unless  the  cylinder 
dimensions  exceeded  42-inch  bore  by  TJ-inch  stroke. 

Ignition.  To  provide  effective  ignition,  it  is  essential  to  ha\'e 
two  sparks  per  cylinder  employed  in  such  a  manner  that  they  can 
be  obtained   separately.    Despite  the  fact  that  foreign  builders 
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regard  the  magneto  as  indispensable  for  multi-cylinder  high-speed 
engines,  it  was  discarded  in  favor  of  a  battery  system  weighing 
but  29  pounds  complete,  inclusive  of  the  storage  battery  itself. 
The  high-speed  battery  system  of  ignition  is  an  American  inven- 
tion that  has  been  developed  to  an  unusual  degree  of  efficiency  in 
the  past  few  years,  but  it  is  regarded  askance  by  foreign  manufac- 
turers, chiefly  due  to  their  lack  of  familiarity  with  its  performance 
in  actual  service.  Its  adoption  made  possible  considerable  saving 
in  weight. 

Fuel  and  Oil  Feed.  Gasoline  is  fed  by  pressure  in  accordance 
with  conventional  practice,  auxiliary  tanks  being  provided  for  use 
in  case  of  emergency.  The  lubricating  system  is  also  of  the  pres- 
sure tv-pe,  a  double-deck  pump  being  used  with  three  gears  in  the 
top  deck,  thus  making  two  suction  pumps.  The  system  employed 
is  that  of  using  a  dry-sump  case,  as  used  in  the  Pierce-Arrow 
motors  in  this  country  and  the  Rolls-Royce  in  England,  the  oil 
being  drawn  out  of  the  rear  crankcase  and  from  the  front  into  a 
separate  case.  All  the  oil  is  pumped  into  a  small  tank  and  then 
pumped  back  underneath.  Originally,  the  connecting  rods  were 
lubricated  by  dippers  on  the  crankshaft  which  caught  the  oil  that 
was  thrown  off.  This  was  a  very  economical  method  but  with  it  a 
cold  engine  could  not  be  started  and  full  power  secured.  The 
dry-sump  method  of  lubrication  mentioned  is  one  in  which  the 
excess  oil  is  immediately  pumped  back  into  the  tank  instead  of 
being  allowed  to  accumulate  in  the  bottom  of  the  crankcase,  or 
sump,  from  which  it  is  splashed  over  the  moving  members  by  the 
cranks  and  big  ends  of  the  connecting  rod,  to  which  dippers  are 
attached.  It  is  purely  a  circulating  system,  under  pressure,  in 
which  splash  is  not  relied  upon  to  conduct  the  lubricant  to  the 
bearing  surfaces. 

Compression  Ratios.  Two  compression  ratios  are  employed  in 
the  Liberty  motor,  namely,  5  to  1  for  engines  intended  for  naval 
aviation  service  and  5.4  to  1  for  army  work,  or  slightly  less  than 
18  per  cent.  The  lower  compression  is  better  adapted  for  marine 
work,  which  consists  mostly  of  flights  of  altitudes  under  5000  feet 
and  seldom  exceeding  the  latter.  It  is  desired  to  be  able  to  fly 
with  a  wide-open  throttle  most  of  the  time  so  that  the  naval  engine 
is  designed  for  operating  most  efficiently  at  lower  altitudes,  while 
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the  army  engine  is  employed  at  altitudes  of  10,000  feet  or  over. 
The  larger  ratio  therefore  is  necessary  in  the  latter  type  so  that  too 
much  power  will  not  be  lost  in  the  air.  While  the  compression 
pressures  have  not  been  carried  to  a  point  in  the  Liberty  engine 
where  the  spark-plug  trouble  so  frequently  experienced  in  aviation 
engines  is  met  with,  the  steel  cylinders  have  been  designed  to  bring 
the  cooling  water  so  close  to  the  spark  plugs  that  it  is  considered 
possible  to  run  the  compression  ratio  up  to  6  to  1  without  encounter- 
ing any  difficulty  from  this  source.  Ample  cooling  water  is  pro- 
vided, the  radiator  capacity  being  from  10  to  12  gallons. 

Weight.  A3  finally  adopted,  the  twelve-cylinder  Liberty  motor 
weighs  about  800  pounds,  and  in  numerous  tests  over  long  periods 
it  has  developed  over  400  h.p.  at  as  low  a  speed  as  625  r.p.m. 
More  power  is  available  at  higher  speeds  but  the  speed  is  limited 
since  an  efficient  propeller  speed  is  not  obtainable  much  above  1600 
r.p.m.  without  recourse  to  gearing  down  to  drive  the  propeller,  and 
the  direct-drive  engine  is  the  most  reliable  type.  Manufacture  is 
accordingly  being  concentrated  at  first  on  direct-driven  engines, 
though  geared  types  may  be  adopted  later.  The  slowest  useful 
speed  of  the  Liberty  motor  for  aviation  is  1200  r.p.m.  With  its 
actual  output  in  excess  of  400  h.p.  for  a  weight  of  800  pounds,  the 
weight  of  the  Liberty  engine  per  horsepower  is  less  than  2  pounds. 
This  is  said  to  better  the  RoHs-Royce,  the  best  type  of  English 
aeronautical  motor,  by  50  h.p.  with  a  saving  of  150  pounds  weight, 
while  the  best  French  engines,  which  are  of  the  geared  t^'pe,  pro- 
duce between  200  and  250  h.p.  and  weigh  about  520  pounds. 

Fifty-hour  tests  of  the  twelve-cylinder  Liberty  motor  have 
been  run  without  making  any  changes  or  adjustments  during  the 
run.  In  early  tests,  the  motor  was  not  operated  at  full  throttle 
since  it  was  not  designed  to  produce  its  maximum  output  imder 
normal  atmospheric  pressure,  that  is,  at  ground  level.  Subse- 
quent tests,  however,  proved  that  it  was  capable  of  running  at  full 
power  indefinitely  on  the  ground  and  that  it  would  produce  over 
400  h.p.  continuously  in  field  service.  The  cruising  radius  of  the 
machines  in  which  the  Liberty  motor  is  employed  is  entirely  « 
matter  of  their  design  and  the  load  to  be  carried.  In  a  small  fast 
machine,  the  twelve-cylinder  motor  gives  a  considerable  cruiiUDg 
radius  when  the  load  caiTied  is  not  too  great,  while  two  of  these 


AVIATION   MOTORS  45 

motors  mounted  in  a  large  machine  with  a  heavy  load  will  either 
decrease  the  power  of  the  engines  or  lower  the  speed.  It  is  thought 
that  the  maximiun  cruising  radius  will  reach  600  miles,  that  is,  300 
miles  going  and  returning. 

Official  StcUement.  Since  the  preceding  description  was  pre- 
pared the  government  has  released  an  authorized  statement  con- 
cerning the  construction  of  the  Liberty  motor,  the  designs  of  the 
parts  being  based  on  the  following: 

Cylinder.  The  designers  of  the  cylinders  for  the  Liberty  engine  followed 
the  practice  used  in  the  German  Mercedes,  English  Rolls-Royce,  French  Lorraine- 
Dietrich,  and  Italian  Isotta^Frachini  before  the  war  and  during  the  war.  The 
cylinders  are  made  of  steel  inner  shells  surrounded  by  pressed-steel  water  jackets. 
The  Packard  Company  by  long  experiment  had  developed  a  method  of  applying 
these  steel  water  jackets.  The  valve  cages  are  drop  forgings  welded  into  the 
cyhnder  heads.  The  principal  departure  from  European  practice  is  in  the  loca- 
tion o{  the  hold-down  flange,  which  is  several  inches  above  the  mouth  of  the 
cylinder,  and  the  unique  method  of  manufacture  evolved  by  the  Ford  Company. 
The  output  is  now  approximately  seventeen  hundred  cylinder  forgings  per  day. 

Camshaft  and  Valve  Mechanism  above  Cylinder  Heads.  The  design  of 
these  is  based  on  the  Mercedes  but  was  improved  for  automatic  lubrication, 
without  wasting  oil,  by  the  Packard  Motor  Car  Company. 

Camshaft  Drive.  The  camshaft  drive  was  copied  almost  entirely  from  the 
Hall-Scott  motor;  in  fact,  several  of  the  gears  used  in  the  first  sample  engines 
were  supplied  by  the  Hall-Scott  Motor  Car  Company.  This  type  of  drive  is 
used  by  Mercedes,  Hispano-Suiza,  and  others. 

Angle  between  Cylinders.  In  the  Liberty  engine  the  included  angle  between 
the  cylinders  is  45  degrees;  in  all  other  existing  twelve-cylinder  engines  it  is  60 
degrees.  This  feature  is  new  with  the  Liberty  engine  and  was  adopted  for  the 
purpose  of  bringing  each  row  of  cylinders  nearer  the  vertical  and  closer  together, 
so  as  to  save  width  and  head  resistance.  By  the  narrow  angle  greater  strength 
is  given  to  the  crankcase  and  vibration  is  reduced. 

Electric  Generator  and  Ignition.  A  Delco  ignition  system  is  used.  It 
was  especially  designed  for  the  Liberty  engine  to  save  weight  and  to  meet  the 
special  conditions  due  to  firing  twelve  cylinders,  with  an  included  angle  of  45 
degrees. 

Pistons.    The  pistons  of  the  Liberty  engine  are  of  Hall-Scott  design. 

Connecting  Rods.  Forked  or  straddle  type  connecting  rods,  first  used  on 
the  French  De  Dion  car  and  on  the  Cadillac  motor  car  in  this  country,  are  used. 

Crankshaft.  The  crankshaft  design  foUoMv-s  the  standard  twelve-cylinder 
practice,  except  as  to  oiling.  The  crankcase  follows  standard  practice.  The 
45-degree  angle  and  the  flange  location  on  the  cylinders  make  possible  a  very 
strong  box  section. 

Lubrication.  The  first  system  of  lubrication  followed  the  German  practice 
of  using  one  pump  to  keep  the  crankcase  empty,  delivering  into  an  outside  reser- 
voir, and  another  pump  to  force  oil  under  pressure  to  the  main  crank&\:k»£V.V^»x- 
ings.    This  lubrication  i^ystem  also  followed  the  Germaxi  pcai&\.\Qe  Vsi  «2^'«\&% 
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the  overflow  in  the  main  bearings  to  travel  out  the  face  of  the  crank  cheeks  to 
a  scupper,  which  collected  this  excess  of  crankpin  lubrication.  This  is  very  eco- 
nomical in  the  use  of  oil  and  is  still  the  standard  German  practice. 

The  present  system  is  similar  to  the  first  practice,  except  that  the  oil,  while 
under  pressiure,  is  not  only  fed  to  main  bearings  but  through  holes  inside  of  crank 
cheeks  to  crankpins,  instead  of  feeding  these  crankpins  through  scuppers.  The 
difference  between  the  two  oiling  systems  consists  of  carrying  oil  for  the  crank- 
pins  through  a  hole  inside  the  crank  cheek  instead  of  up  the  outside  face  of  the 
crank  cheek. 

Propeller  Hub.  The  Hall-Scott  propeller  hub  design  was  adapted  to  the 
power  of  the  Liberty  engine. 

Water  Pump.    The  Packard  type  of  water  pump  was  adapted  to  the  Liberty. 

Carbureter.  A  carbureter  was  developed  by  the  Zenith  company  for  the 
Liberty  engine. 

Bore  and  Stroke.  The  bore  and  stroke  of  the  Liberty  engine  is  5  by  7 
inches,  the  same  as  the  Hall-Scott  A-5  and  A-7  engines  and  the  Hall-Scott  twelve- 
cylinder  engine. 

Remarks.  The  idea  of  developing  Liberty  engines  of  four,  six,  eight,  and 
twelve  cylinders  with  the  above  characteristics  was  first  thought  of  about  May 
25,  1917.  The  idea  was  developed  in  conference  with  representatives  of  the 
British  and  French  missions,  May  28  to  June  1,  and  was  submitted  in  the  form 
of  sketches  at  a  joint  meeting  of  the  Aircraft  (Production)  Board  and  the  joint 
Army  and  Navy  Technical  Board,  June  4.  The  first  sample  was  an  eight- 
cylinder  model  delivered  to  the  Bureau  of  Standards,  July  3,  1917.  The  eight- 
cylinder  model,  however,  was  never  put  into  production,  as  advices  from  Franco 
indicated  that  demands  for  increased  power  would  make  the  eight-cylinder  model 
obsolete  before  it  could  be  productnl. 

Work  was  then  concentrated  on  the  twelve-cylinder  engine,  and  one  of  the 
experimental  engines  passed  the  fifty-hour  tQst  August  25,  1917. 

After  the  preliminary  drawings  wore  made,  engineers  from  the  lea^iinf; 
engine  builders  were  brought  to  the  Bureau  of  Standards,  where  they  inspecte*! 
the  new  designs  and  made  suggestions,  most  of  which  were  incorpKDrated  in  the 
final  design.  At  the  same  time  expert  production  men  were  making  suggestions 
that  would  facilitate  production. 

The  Liberty  twelve-cylinder  engine  passed  the  fifty-hour  test,  showing,  as 
the  official  report  of  August  25,  1917,  records,  "that  the  fundamental  construc- 
tion is  such  that  very  satisfactory  st^rvMce,  with  a  long  life  and  a  high  order  of 
efficiency  will  be  given  by  this  power  plant,  and  that  the  design  has  passed  from 
the  experimental  stage  into  the  field  of  proved  engines." 

An  engine  committee  was  organized  informally,  consisting  of  engineers  and 
production  managers  of  the  Packard,  Ford,  Cadillac,  Lincoln,  Marmon,  and 
Trego  "companies.  This  committee  met  at  frequent  intervals,  and  it  is  to  this 
group  of  men  that  the  final  development  of  the  Liberty  engine  is  largely  due. 

Sturtevant.  The  Model  5-A  140-h.p.  Sturtevant  engine,  Figs.  13 
and  14,  is  representative  of  the  general  design  and  construction 
embodied  in  the  several  models  of  aeronautical  motors  of  this  make. 
It  is  of  the  eight-cylinder  V  type,  is  water-cooled,  and  measures 
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ly  5J  inches,  or  the  equivalent  of  120  by  140  milhmeters  bore  and 

stroke,  respe(.'ti\'ely.     It  is  designed  to  drive  tlie  propeller  through 

gearing  so  tliat  it  is  of  the  high-speed   high-pressure  t.vpe.     Ita 

nomial  rated  output  ia  produced  at   20<*l)  r.p.ni.,  the  gear  ratio 

ing  5  to  3,  giving  a  propeller  speed  of  1200  r.p.m.     In  this  respect, 

(wever,  the  design  is  interchangeable,  in  that  the  propeller  may 

either  geiir-  or  diret-t-driven,  in  the  latter  case  being  intended 

dirigible  propulsion. 

Cylind^Ts.    The  cjlinders  are  cast  in  pairs,  arc  of  aluminum 

illoy,  and  are  fitted  with  steel  liners,  while  the  cylinder  heads  arc 

ilso  of  aluminum  alloy  and  are  in  pairs,  six  long  bolts  serving  to 

hold  the  cylinder  and  the  liead  together  as  well  as  to  attach  the 


complete  unit  to  the  craiikcase.  Moldefl  cttpper  and  asbestos 
gaskets  are  used  between  the  cylinders  ami  heads.  The  pistons 
are  cast  of  aluminum  alloy  with  heavy  ribs  to  reinforce  them  and 
assist  in  radiating  the  heat,  while  the  connecting  rods  and  the 
[liston  pins  are  of  chrome  nickel  steel.  The  crankshaft  is  also  made 
"f  this  material  and  is  bored  out  to  hghten  it  and  permit  lubrica- 
lion.  Aluminum  alloy  is  usetl  for  the  crankcase,  which  is  east  with 
heavy  internal  reinforcing  ribs. 

Valixa  and  Valm  Mechanism.     Single  valves  are  located  in  the 
<'ylinder  heads  and  ojierated  through  rocker  arms  from  a  single 
'iimsliaft  at  the  baae  of  the   V.     The  valves  themselves  are  of 
tungsten  steel,  are  in  one  piece,   and  are  seated  by  heavy  c«\k  j 
•ond  set  of  springs  at  the  base  ot  t\\e  \im^  iw 
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liberates  the  push-rod  linkage.     The  rocker  arm  spindles  an*  I 
and  are  lubricated  by  compression  grease  cups. 

Carhmdion  and  Ignition.    A  duplex  t\-pe  nf  carbiweter, 
is,  a  single  float  chamber  combined  with  two  jets  in  separate  l 
ing  chambers  is  located  at  the  rear  end  of  the  motor  and  I 
to  an  extension  flange  on  the  crankcase,  the  two-part  intake  t 
fold  leading  up  and  over  the  tops  of  the  cylinders,  as  shuMH  i 
Fig.  14,  which  is  a  view  of  the  after  end  of  the  motor.     The  compi 
manifold  is  water-jacket 
The  low    position    of   thf  ■ 
carbureter  perniita  the  u-' 
of  a  gravity  fuel  feed- 
Two  magnetos,  each  uf 
which  fires  eight  plugs,  av 
placed    between    the    tun 
groups  of  cylinders  and  un' 
driven  from  the  camshaft. 
The    two   spark    plugs   in 
each     cylinder     head     an- 
placed    in    water-cooleil 
bosses  cast  near  the  loner 
edge   of  the   head,  one  "' 
the  sets  of  four  plu^  bein;- 
vLsible  ill  the   illu.stmti< m 
The  magnetos  are  synehri 
j    nized  by  a  vernier  couplin. 
which   allows   adjustiii. 
them  so  that  both   spnrk 
will  occur  in  the  cylinder  at  exactly  the  same  moment. 

Lubrication.  A  pressure  circulating  s>'steni  fed  by  a  rot;if 
pump  located  beneath  a  fine  wire  screen  in  the  sump  delivers  oi! ' 
all  the  main  and  camshaft  bearings  under  high  pressure.  Appn' 
imately  1  gallon  of  oil  is  held  in  the  base  of  the  crankcase  and  tin 
b  constantly  circulated  through  an  external  tank  by  means  of  ;■ 
secondary  pump  operated  by  an  eccentric  on  the  camshaft.  Tin 
pump  also  draws  fresh  oil  from  the  outside  tank,  which  moy  1' 
made  of  any  capacity  desired.  The  oil  passages  from  the  mai 
circulating  pump  to  tlie  mam  bearings  of  (he  i  ri^  !    !    ''  ^%d 
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tegral  with  the  base,  the  hollow  crankshaft  having  communicat- 
inR  passages  which  distribute  the  oil  to  the  big-end  beuringa  am! 
from  the  latter  thnjugh  tubes  to  the  piston  pins,  The  camshaft  is 
iiiso  hollow  and  oil  is  forced  through  it  to  \U  licarings.  The  gears 
operating  the  camshaft,  magneto,  and  the  oil  and  water  pumps  are 
inclosed  in  housings  and  operate  in  a  bath  of  oil. 

Weight.  The  weight  of  the  motor  complete,  including  the  hub 
flanges  and  bolts  for  the  propeller  but  without  the  propeller  itself, 
the  radiator,  or  the  cooling  water,  Is  514  pounds.  The  weight  of 
the  water  required  is  10  pounils.  The  weight  per  brake  hor.se- 
power  with  the  radiator  and  water  ia  3.it5  pounds,  or  1.79  kilon. 
while  that  of  the  motor  alone  is  3.7  pounds.  Provision  is  matie 
for  the  mounting  of  either  an  electric  or  compressed-air  starter. 

Hall'Scott.  The  HiilkSciitt  motor  is  one  of  the  pioneers  in  the 
American  aviation  motor  field,  a  hirnf  nirinl>fr  iT  this  make  having 


been  used  ance  the  early  da 
h  built  in  four-  and 


of  the  aeroplane  in  this  country.    It 
linder  tj"pe3.  the  general  tea,t,\xcea  ^ 

by  I-'ifis.   i:,  am\  H\.    TV 
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I  these  engines  are  builders  of  motor  cars  and,  as  is  evident  from  t 
illustrations,  the  aeroplane  motors  are  practically  a<laptation3 
2  automobile  engines  of  the  same  manufacture  to  aeroplane  ui 
Cylinders,  The  cylindera  are  cust  separately  with  the  wa1 
jackets  integral  and  are  mounted  on  a  liecp-section  crankcase 
ftluminnra  alloy.  The  pistons  ure  also  of  the  same  material  a 
the  connecting  rods  are  of  the  usual  I-beam  pattern.  The  cran 
L-shaft  is  supported  on  st-ven  journals  with  a  bull  thrust  beari?ig 
Itake  the  thrust  of  the  propeller. 


FU,  Id.     Hal!-S«ni  Six-Cyliiidn  Avialign  Motor 

Vtdnies  and   Valce  Mechanism.     Only  two  valves  per  ( 

are  employed  and  these  as  well  as  the  valve-operating  mechanial 

:  of  the  conventional  overhead  type  using  short  rocker  aria 

The  camshaft  is  driven  through  bevel  gearing  and  a  vertical  shaft 

at  the  rear  end  of  the  motor,  a  housing  being  plaL-ed  about  tlu' 

k camshaft  itself,  while  the  rocker  arms  are  left  exposed.  Single 
springs  are  employed  on  the  valve  stems.  The  rocker-arm  moimt- 
ing  ditTera  fpom  the  usual  tj-pe  in  that  the  spindles  are  supporteil 
on  four  stiiHs  iind  crosspieces  which  bridge  the  camsliaft  houtdni 
as  is  clearly  shown  in  Fig.  1(1. 
Irtiiifinn  and  CnrhiiTPtliin.  Two  magnetOH,  driven  from  the  Osuj 
ra/l,s^(';^.'  .sfu/'l  npn-ntri!  1,\  \\AV".\\  ECiiriiic  from  the  vertical  ;■ 
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which  drives  the  camshaft,  supply  ciureDt  to  two  sets  of  spark 
plugs  placed  on  opposite  sides  of  the  cylinder  beads.  A  single  car- 
bureter is  employed  on  the  four-cylinder  motor  with  a  special  form 
of  manifold,  while  two  carbureters  are  used  on  the  six-cylinder 


^^r~ 


model,  a  three-part  manifold  being  used  for  each.  An  unusual 
feature  of  these  manifolds  ia  the  fact  that  they  are  heated  by  circu- 
lating the  oil  around  a  part  of  them  in  addition  to  the  msu&V  "wsX^ 
jacketing. 
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Lubrication.  Apart  from  the  circulation  of  the  oil  around  a 
part  of  the  intake  manifold,  the  oiling  system  is  practically  stand- 
ard as  used  in  this  type  of  motor  so  that  Fig.  17,  showing  the 
coiu-se  of  the  oil  from  the  pump  to  the  various  bearings  and  return, 
illustrates  the  circulating  system  employed  on  the  majority  of  aero- 
plane motors.  The  gear  pump  A  is  located  at  the  lowest  part 
of  the  oil  sump  and  is  driven  by  bevel  gearing  directly  from  the 
camshaft  drive.  It  pumps  the  oil  from  the  sump  through  the  pres- 
sure relief  valve  B  into  the  oil  jacket  surroimding  the  manifold 
C,  this  being  a  distinctive  feature  of  the  Hall-Scott  motors. 
From  this  jacket,  the  oil  is  delivered  through  the  pipe  D  and 
through  individual  leads  to  the  bearing  caps  of  the  main  journals 
on  the  under  side  of  the  crankshaft.  The  oil  that  escapes  at  the 
ends  of  the  main  bearings  is  thrown  outward  along  the  crank  cheeks 
and  is  caught  by  the  scuppers  E  which  direct  it  into  the  crankpin 
bearings.  A  hole  in  the  crankpin  wall  permits  the  oil  to  be  deliv- 
ered by  centrifugal  force  on  to  the  big-end  connecting-rod  bearings, 
while  a  tube  on  the  side  of  the  connecting  rod  at  F  conducts  oil 
from  the  crankpin  bearing  to  the  piston-pin  bearing.  Oil  splashed 
from  the  crankshaft  and  connecting  rods  is  relied  on  to  lubricate 
the  cylinder  walls. 

At  G  in  the  end  of  the  oil  main  is  located  an  orifice  which 
allows  a  measured  flow  into  the  oil  pipe  //,  which  carries  the  oil 
to  one  end  of  the  camshaft  housing  and  forces  it  into  the  bore  of 
the  hollow  camshaft  /,  holes  in  the  camshaft  walls  allowing  it  to 
flow  on  to  the  camshaft  bearings.  Oil  escaping  from  the  camshaft 
bearings  gathers  in  the  bottom  of  the  camshaft  housing  and  flows 
to  the  forward  end,  where  it  forms  a  bath  for  the  camshaft  gears 
and  upper  bearings  of  the  vertical  driving  shaft.  A  by-pass  J  car- 
ries the  oil  into  the  vertical  shaft  housing.  Descending  through 
this  housing,  it  serves  to  lubricate  the  gears  and  ball  bearings  of  the 
magnetos,  water  pump,  and  pinion  shaft.  From  the  oil  jacket  on 
the  manifold  a  connection  is  taken  to  the  oil  pressure  gage  on  the 
instrument  board.  The  crankcase  sump  holds  sufficient  oil  for  a 
flight  of  three  to  six  hours,  while  for  long  flights  an  auxiliary  oil 
tank  is  plac^ed  at  a  point  slightly  higher  than  the  lowest  point  of 
the  crankcase  sump  so  that  a  fresh  supply  flows  from  this  tank  by 
gravity  into  the  latter  as  required. 
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Fuel  Feed.  A  typical  installation  of  a  four-cylinder  Hall-Scott 
motor  with  overhead  radiator  is  shown  in  Fig.  18,  and  the  details 
of  the  fuel-feed  system,  which  employs  a  depressed  tank,  is  illus- 
trated in  Fig.  19.    An  air  pump  driven  from  the  camshaft  supplies 


the  necessary  pressure,  a  relief  valve  being  fitted  on  the  gasoline 
tank,  as  shown.  The  location  of  the  tank  naturally  varies  with 
the  type  of  machine;  it  is  customary,  however,  to  place  it  under 
the  pilot's  seat  in  many  aeroplanes  which  are  designed  iot  w^^tox^ 
service. 
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^^P      HIspano-Suiza.     The  Hispano-Suiza,  Fig.  20,  is  an  engine  uf 
foreign  design  which  has  been  aianufactured  in  this  country  for 
some  time   by  the   Wright-Martin   Company  and  used  on   their 
^itraining  planes. 

^b  Cylinders.  It  is  an  eight-cylinder  V  type,  the  two  groups  of 
^^nir  cyHnders  being  placed  at  an  angle  of  9i)  degrees  on  the  crank- 
^Hee,  although  most  aeroplane  motors  «t  the  V  type  have  the  cylin- 
^^prs  placed  at  60  degrees  or  even  as  close  together  as  45  degrees  to 


keep  the  spare  occupied  bj'  the  power  plant  within  narrow  limits. 
The  cylinder  dimensions  are  4.7  inches  bore  by  5.1  inches  stroke, 
the  piston  displacement  being  71S  cubic  inches.  The  cj-linder 
blocks  are  of  composite  constfuetion,  consisting  of  individual  cylin- 
lif-rs  made  from  lieat-trcateid  steel  forgings  threaded  into  alumi 
.(Hoy  castings.  The  water  jackets,  valve  ports,  and  manifolih 
'ttuminiUD  alloy  castings.  After  assembling,  each  motw  \^vi^'i9>J 
F  coats  of  pmlec-tive  enamel,  msu\«  awX  owX,' 
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fonner  being  applied  under  pressure,  and  the  complete  unit  is  then 
placed  in  an  oven  for  several  hours  to  bake  the  enamel  on  the  metal. 

The  crankcase  is  divided  on  the  center  line  of  the  crankshaft, 
the  bearings  being  fitted  between  the  upper  and  lower  sections. 
Both  are  of  aluminum  alloy  and  the  magneto  supports  are  cast 
integral  with  the  upper  section.  A  very  short  large-diameter  hol- 
low crankshaft  is  carried  on  five  bearings  and  is  tapered  to  take 
the  French  standard  propeller  hub,  which  is  keyed  and  locked  to 
the  shaft. 

Valves  and  Valve  Mechanism,  The  valves  are  of  large  diam- 
eter and  have  hollow  stems  which  work  in  cast-iron  guides.  Over^ 
head  camshafts,  driven  through  bevel  gearing  and  vertical  shafts, 
are  employed,  and  the  complete  valve  mechanism  on  each  group 
of  cylinders  is  inclosed  in  a  removable  oil-tight  aluminum  housing. 

Liibricaiion  and  Ignition.  The  oiling  system  is  the  usual  high- 
pressure  force-feed  circulating  system  w^hich  is  practically  standard 
on  all  aeroplane  engines.  The  oil  is  forced  through  a  filter  and 
delivered  through  steel  tubes  cast  in  the  crankcase  to  the  main 
bearings,  crankpins,  and  piston  pins  to  the  piston  walls  in  the  usual 
manner.  From  the  fourth  main  bearing  an  oil  tube  leads  to  the 
overhead  valve  mechanism  and  supplies  the  camshaft  bearings  and 
cams.  Tlie  surplus  oil  escapes  through  tlie  end  of  the  hollow  cam- 
shaft at  tlie  driving  gear  end  and  gravitates  through  the  hollow 
vertical  driving  shaft  of  the  valve  mechanism  and  its  lower  bevel 
gears  to  the  oil  sump.  Two  magnetos,  each  of  which  fires  the 
eight  spark  plugs  placed  on  opposite  sides  of  the  cylinder  groups, 
provide  the  ignition. 

Carbvrction.  The  carbureter  is  of  special  design  and  is  placed 
at  a  central  point  between  the  two  groups  of  cylinders,  thus  per- 
mitting the  use  of  extremely  short  intake  manifolds.  It  is  a  duplex 
tyj)e  and  its  location,  as  well  as  the  two  induction  pipes  from  the 
separate  jet  chambers  and  the  short  cast  manifold,  is  clear  in 
Fig.  20. 

Weight,  The  c()mi)lete  motor  including  the  usual  accessories, 
such  as  the  carbureter  and  magnetos,  propeller  hub,  starting  mag- 
neto and  crank,  but  without  the  radiator,  the  water  or  the  oil 
supply,  or  the  exhaust  pipes,  weighs  445  pounds.  As  it  develops 
150  h,p,  at  J 450  r.p.m.  (at  sea  level),  this  gives  it  a  weight  of  2.96 
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totinds  per  horsepower.  It  can  be  run  successfully  at  inucli  higher  J 
fds,  depending  on  the  propeller  design  and  gearing,  and  develops  ] 
roportionately  greater  power.  The  average  fuel  consumption  I 
)  0.5  pound  i>er  horsepower  hour,  while  the  oil  consumptiou  at  I 
l450  r.p.m.  is  ;i  quarts  per  hour,  castor  oil  being  used. 

Thomas.  The  Thomas  is  an  eight-cv'linder  V  tjpe  water-cooled  ] 
liigh-specd  motor  designed  to  deliver  135h.p.  at  the  propeller  with  a  ] 
speed  of  120(1  r.p.m.  at  the  latter,  while  the  motor  itself  runs  at  2000  | 
r.p.m.    The  general  design  of  the  motor  is  illustrated  by  Fig.  : 
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B      Cylinders,    The  cylinders  are  cast  of  iron  with  the  water  jack- 
ets integral  though  the  weight  of  the  latter  is  greatly  re'Iuced  by 
cutting  them  away  on  both  sides  and  the  hea^is  and  closing  these   I 
openings  with  aluminum  plates  screwed  down  on  gaskets.    The  | 
cylinders  are  of  the  L-head  type  and  are  cast  in  pairs,  their  dim 
sions  i>eing  4  by  5\  inches.     Both  the  crankcase  and  the  pistons   | 
are  cast  of  aluminum  alloy,  Fig.  22  illustrating  the  upper  half  of   i 
the  crankcase  of  a  2I0-li.p.  engine.    Chrome  nickel  steel  is  employee 
for  the  crankshaft,  camshaft,  timing  gears,  and  connecting  rods. 
Vttlteit  am}  Viihr  Mirhiiiih\M.     Tho  viilves  are  of  tm\^\.<CT^'s! 
Lpi'i  I  '    inches,  a.T\A  axe  cV  ' 
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I  direct-operated  t.vpe,  the  single  camshaft  being  placed  between  tbi 
l;two  groups  of  cylinders.  The  push  rods,  made  of  hardened  1 
Isteel,  work  in  guides  held  in  the  cylinder  flanges  and  are  operate 
Idirectly  by  the  cams  without  the  intervention  of  cam  rockers, 
r  simple  iidjustmcnt  being  provi(le<]  to  regulate  tlie  tappet  clearance 
Leakage  of  oil  from  the  (Tankcase  at  the  pusli  rods  is  providoJ 
against. 

Ijubriration.    The  lubricating  sj-Htem   is  of  the  high-pressiu 
circulating  tjTje,  the  main  oil  supjily  being  carried  in  a  cast  aim 
num  sump.    A  gear  pump,  located   in   the  craiikcasc  and  drivi 
from   the  crankshaft  timing  gear,  tlraws  oil   from  the  sump  i 
delivers  it  to  the  main  oil  duct  cored  out  of  the  crankcase  e 


I  anil  tnmnectiug  with  passages  drilled  in  the  main  bearing  supp< 
I  nig  webs,  so  that  the  lubricant  is  delivered  directly  to  the  1 
f  crankshaft   and   camshaft   journals.     The   connecting-rod   big- 
bearings  receive  their  supply  of  oil  through  the  drilled  webs  I 
hollow  crankpins,  while  the  wrist  pins  and  pistons  and  the  t 
and  push  rotls  are  lubricated  by  the  oil  thrown  off  by  the  crKiikpinj 
An  oil-cooling  system,  entirely  independent  of  the  lubricatinj 
system,  is  provided.     The  oil  sump  has  a  capacity  of  1  gallons  an( 
oil  is  drawn  from  this  at  the  2-gaIlon  level  by  a  separate  pni 
which  passes  it  through  cooling  coils  nnd  then  delivers  it  to  1 
gear  case  to  lubricate  the  propeller  gearing,  from  which  it  I 
fsnti'p  n'j-.uT]  hy  '^nivity,  first  \ius--itr_-  ■>■-!. .-i-  -t 
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To  serve  as  a  telltale  to  warn  the  pilfit  when  the  2-gallon 
level  13  readied  in  the  main  oil  supply,  this  oil  pipe  to  tlie  gear- 
case  cover  is  fitted  with  a  reducing  valve  cnnnet^ed  by  tubing  to  a  ] 
Kressure  gage  on  the  instrument  board  in  the  pilot's  cot-kpit.    When  i 
le  reading  of  this  gage  shows  that  the  pressure  has  fallen  to  zero, 
;  indicates  that  there  are  only  2  gallons  of  oil  left  in  the  sump  and  ] 
lat  an  additional  supply  should  be  provi(le<l  from  the  auxiliary  tank. 
Cooiing.    The  water  is  circulated  by  a  large  t'entrifugal  pump  ] 
riven  (it  crankshaft  speed  by  an  extension  of  the  starting  unit  shaft 
located  above  tlie  (-anisiiaft  and  driven  by  a  steel  gear  meshing  witli 


Fig.  23.     Thomu  IModfl  SfH)  210-IlonFpoivpr  Eight-Cylinil^r  Motor  wi 


the  camshaft  timing  gear-     A  Siamese  outlet  at  the  delivery  end  of 
the  pump  equalizes  the  supply  to  the  brass  supply  pipes  running 

Bklong  the  base  of  the  cylinders  on  the  outside.     Outlet  connections 

^re  placed  over  each  exhaust  valve. 

^         Ignition.    Two  eight-cylinder  magnetos  are  fitted,  each  con- 
stituting an  entirely  independent  ignition  system,  two  spark  plugs 
per  cylinder  being  used.    The  magnetos  are  placed  side  by  side 
and  driven  at  crankshaft  speed  by  spur  gearing  at  the  rear  end  of   i 
the  crankshaft,  which  arrangement  makes  them  readily  accessible. 

PropelUr  Drive.    The  propeller  shaft  is  <lriven  from  tb.e  <?tft.w*&.- 1 
^aft  by  two  spur  gears  and  is  mounted  on  two  Yfti%e  a.iM\\^a.T  > 
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bearings  supported  in  a  heavily  ribbed  aluminum  gear  case  bolted 
to  the  crankcase.  One  of  these  ball  bearings  is  of  the  two-row 
t>T)e  to  take  the  thrust  in  either  dh-ection. 

Self 'Starter.  The  Thomas  engine  is  equipped  with  a  Christen- 
sen  self-starter  of  the  combined  compressed-air  and  gasoline  type. 
This  starter  consists  of  an  air  pump  which  is  only  in  operation 
when  it  is  necessary  to  store  air  for  pressure  purposes,  an  auto- 
matic distributor  which  comes  into  action  only  when  starting,  and 
an  automatic  carbureter  which  supplies  gasoline  to  the  compressed 
air  distributed  to  the  cylinders.  With  the  exception  of  the  storage 
tank  for  compressed  air,  the  entire  apparatus  is  located  between 
the  two  groups  of  cylinders  and  is  driven  at  crankshaft  speed  by  a 
gear  meshing  with  the  camshaft  timing  gear.    It  weighs  40  pounds. 

Weight.  Complete  with  the  self-starter,  the  Thomas  135-h.p. 
engine  weighs  630  pounds,  equivalent  to  a  weight  of  4.66  pounds 
per  horsepower.  At  full  load,  it  consumes  14  gallons  of  gasoline 
and  I5  gallons  of  oil  per  hoiu*.  The  Thomas  210-h.p.  eight-cylinder 
aeroplane  motor  is  shown  in  Fig.  23.  The  cylinder  dimensions  of 
this  motor  are  4^  by  5f  inches  and  it  weighs  530  pounds  including 
the  self-starter,  giving  it  a  weight  of  but  2.45  pounds  per  horse- 
power. This  great  reduction  in  the  weight  per  horsepower  as 
compared  with  the  smaller  motor  is  accomplished  by  casting  the 
cylinder  units  of  aluminum,  the  remainder  of  the  design  being 
essentiallv  the  same  in  both. 

Union  Aeromotor.  In  its  general  design,  the  Union  aeromotor, 
Fig.  24,  is  characterized  by  many  features  that  have  come  to  be 
more  or  less  standard  in  the  design  and  construction  of  six-cylinder 
aviation  motors. 

Cylinders.  The  cylinders  are  machined  from  steel  forgings  and 
fitted  with  scmisteel  heads  to  take  the  valve  seats  and  spark-plug 
bosses,  the  base  flanges  being  turned  integral  with  the  cylinders 
which  are  held  down  bv  the  usual  bolts  and  bv  chrome  nickel- 
steel  studs  extending  from  the  main  bearing  caps  to  yokes  bearing 
on  the  cylinder  flanges.  The  water  jackets  are  of  copper  brazed 
on.  Aluminum  alloy  pistons  are  used,  while  the  connecting  rods 
are  the  usual  steel  drop  forgings  of  I-beam  section,  drilled  to 
lighten  them.  The  crankshaft  is  supported  on  seven  large  bear- 
ings  and  is  fitted  with  a  double-row  ball  bearing  to  take  the  pro- 
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ler  thrust.  To  stiffen  the  crnnkcasf,  which  is  also  of  aluminum 
alloy,  it  is  cast  with  the  side  panels  in  the  form  of  hollow  boxes. 
Vahea  aitd  Valve  Meckanlaiii.  The  camshaft  is  of  the  overhead 
t>-pe,  driven  through  bevel  gears  ami  a  vertical  shaft  at  the  rear 
end  of  the  motor.  Fig.  24.  To  permit  easy  access  to  the  cam- 
shaft, the  ahuoinum  alloy  bousing  is  split  longitudinalh-.  The 
\'alvcs  are  operated  by  steel  rocker  arms,  the  proper  valve  clear- 
ance being  obtained  by  the  use  of  a  small  cap  containing  thin 
discs  placed  on  the  end  of  the  valve  stem.  By  varying  the  num- 
ber of  these  disra,  the  clearance  may  be 
increased  or  decreaseil  a  very  small  fraction 
of  an  inch.  Right-  and  left-hand  eonccntrie 
firings  are  used  on  each  valve.  A  liberal- 
bearing  surface  is  allowed  for  the  rocker 
arms  (J  by  2i  inche-s),  and  the  shape  of  the 
arms  is  such  that  nil  leakage  Is  prevented 
without  the  use  of  packing;  while  excessive 
wear  at  the  contact  end  caused  by  the  con- 
tact of  the  adjusting  screw  is  prevented  h\ 
making  a  f-inch  line  contact  instead  of  tiie 
usual  point. 

/.vbricaH/m.  Oil  is  lifted  from  the  cnmk- 
casc  by  a  gear  pump  which  delivers  it  to  a 
c.imbined  tank  and  radiator  located  at  any 
rt.Eivcnient  point  on  the  machine.  Fnini 
this  radiator  it  flows  back  to  a  second  gear 
j)nmp  which  forces  it  to  the  main  bearings  ti'"='i»*«-  ■veroiuoiur 
under  pressure  of  40  to  90  pounds  per  square  inch.  The  crank- 
shaft is  of  the  usual  hollow  construction  with  drilled  crank  cheeks 
and  crankpiiis  which  distribute  the  oil  to  the  big  ends  of  the  eoii- 
nec'ting  rods,  from  which  it  Is  carried  by  tubes  to  the  piston  pius. 
„  The  holes  in  the  piston  for  the  pislon-pin  bearings  and  the  oi>eii 
iBjUds  of  the  piston  pins  thcmseh'es  are  sealed  by  metal  caps,  so  that 
Hhs  oil  posses  between  tlie  outer  surface  of  the  pin  and  its  bearing, 
"Vrhich  carries  it  directly  to  the  cylinder  walls.  The  camshaft  and 
its  drive  os  well  as  the  remainder  of  the  valve  medianiam  are  lubri- 
eatud  by  oil  by-passed  from  the  oil  pressure  regulator.  To  ^ws^vS. 
tflfae  camshaft  housing  when  climbing,  a  4t&\tv  \s,-9T«N\i 
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at  each  end  which  permits  the  oil  to  run  back  to  the  crankcase 
sump. 

Ignition  and  Cooling.  Two  independent  magnetos  are  employed, 
the  two  spark  plugs  in  each  cylinder  beiiig  located  at  points  where 
they  get  the  full  benefit  of  the  cooling  water.  The  magnetos  are 
located  on  a  transverse  shaft  on  the  rear  end  of  the  motor,  their 
drive  as  well  as  that  of  the  centrifugal  water  pump  being  clearly 
shown  in  Fig.  24. 

Weight.  With  all  accessories  in  place  but  without  the  radia- 
tor or  cooling  water  the  motor  complete  weighs  485  pounds  and 
develops  120  h.p.  at  1350  r.p.m.,  so  that  it  weighs  practically 
4  pounds  per  horsepower. 

Wisconsin.  The  Wisconsin  motor  is  made  in  six-  and  twelve- 
cylinder  types,  a  side  and  an  end  view  of  the  former  being  shown 
in  Figs.  25  and  26.    The  twelve-cylinder  engine  is  of  the  V  type. 

Cylinders.  Aluminum  alloy  is  used  for  the  body  of  the  cylin- 
ders, which  are  cast  in  pairs  and  then  fitted  with  hardened-steel 
sleeves  about  ^  inch  thick.  After  being  pressed  into  the  cylinders, 
these  steel  sleeves  are  ground  in  place.  The  crankcase  also  is  cast 
of  aluminum  alloy  and  is  of  conventional  design,  the  main  bearings 
being  bolted  to  the  uppcT  half  while  the  lower  half  forms  the  oil 
sump.  Aluminum  pistons  fitted  with  two  rings  are  used  and  weigh 
but  2  pounds  each,  while  chrome  vanadium  steel  is  used  for  the 
crankshaft  and  coimecting  rods,  which  are  tubular. 

VaJies  and  Valve  Mechanism.  Grav  iron  valve  seats  are  cast 
in  place  in  the  aluminum  cylinders,  the  tungsten  steel  valves  being 
set  in  the  heads  at  an  angle  of  25  degrees.  They  are  provided 
with  double  springs  consisting  of  an  outer,  or  main,  spring  and 
an  inner,  or  auxiliary,  spring.  The  second  spring  is  used  as  a 
j)recauti()nary  measure  to  prevent  the  valve  falling  into  the  com- 
bustion chamber  in  case  of  the  breakage  of  the  main  spring.  An 
overhead  tyi)e  of  camshaft,  carried  in  an  aluminum  housing  bolted 
to  the  top  of  the  cylinders,  is  employed  and  is  driven  through  bevel 
gearing,  as  shown  in  Figs.  25  and  20.  In  the  case  of  the  twelve- 
cylinder  motor,  the  camshaft  drive  is  through  two  trains  of  spur 
gears  inclosed  in  aluminum  housings  at  the  rear  end  of  the  motor. 
Handholes  are  provided  in  the  aluminum  housing  of  the  camshaft 
over  the  cams  and  rocker  arms  and  covered  with  inspection  plates. 
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f  Lvbricatiim.  Lubrication  is  of  the  conventional  liigh-pressurt 
circulating  tj-pe,  the  oil  being  forced  directlj'  to  the  main  bearings 
and  distributed  from  there  through  the  drilled  cheelis  of  the  cranks 
to  tlie  crankpins  and  by  means  nf  tubes  from  the  latter  to  the 
piston  pins  and  returning  to  the  sump,  wiiich  is  so  placed  that 
the  pump  is  always  supplied  regjirdless  of  the  angle  of  the  motor. 
The  system  is  operate<I  at  10  pounds  pressure,  a  relief  valve  being 
provided  to  maintain  this  ci)nstant.  Every  moving  part  is  directly 
supphed  with  oil.  there  being  no  splash  in  the  crankcase.  Two 
oil  pumps  driven  from  the  vertical  shaft  which  also  serves  to  oper- 


j  the  camshaft,  water  pump,  and  magnetos  are  used  on  the  six, 

while  two  similar  pumps  are  driven  from  the  crankshaft  on  the 

twelve.     Each  of  the  oil  pumps  has  sufficient  capacity  to  keep  the 

^^nstem  supplied  in  case  of  the  failure  of  the  other. 

^Hl     Carburetwn  and  Igml'wn,    As  shown  in  Fig.  25,  a  duplex  tj-pe 

^Hp-carbureter  is  fitted  to  a  straight  manifolil,  while  in  the  twelve- 

cj'linder  type,  two  of  these  carbureters  are  used.    Two  magnetos 

are  used  on  the  smaller  motor  and  four  on  the  larger.    Thee  are 

driven  through  a  skew  gear  and  transverse  shaft  on  t,h«  %\Ti.-t^^"\\n&sx 

Lthe  larger  mntor,  they  are  faced  in  t\\e  ?ia.Twa  divKriCvs 
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as  the  cylinders  and  are  driven  ihrougli   a  truin   of  spur  | 
The  nrrangement  of  the  magnetos  and  their  drive  is  illustrated  iiT" 
Fig.  26,  which  also  clearly  shows  tlie  two  oil  pumps  on  a  transversa 
shaft  below  the  magnetos  and  the  ccntrifuga!  water  pump  at  the 
lower  end  of  the  canishiift  drive.     In  Fig,  25.  the  oil  gage  and  1 
revolution     counter 
shown,   these   being  < 
ried    to    the    instrum«^ 
board  by  the  tubing  a 
flexible  shaft  illustrate 

FOREIGN  TYPES  | 
FRENCH  MOTORS  i 
Peugeot.  Auto  ma 
bile  racing  experience  fl 
lending  overa  nuniberjl 
years  liiid  the  foundatiq 
for  the  design  of 
IVngcot  aviation  motor 
Man.\-  prizes  in  race  meci- 
hiive  Ikh.'u  taken  in  ihi- 
coiintry  by  the  Peug«n. 
M>  tliut  it  is  well  known 
to  American  enpnccrv 
Till-  siime  features,  whidi 
were  responsible  for  pru- 
il  iieiiLg  tlie  extremely  higli 
speeds  with  an  unusu^ 
degree  of  reliability  tliit  | 
were  prominent  in 
automobile 'engines,  haH 

I  been   embodied    in    the    aeroplane    motor.    The    2lH>-h.p.    i 

'  described  here  is  an  eight-cj^linder  V  type,  the  cylinders  being  p 

I  at  a  90-degree  angle. 

CylindeTs.    The   Peugeot   is   one   of   the   very   few   aeropbl 
motors,  if  not  the  only  one.  in  which  the  cylinder*  are  cast  en  hit- 

_  iLS  in  automobile  practice.     Kach  gronp  of  four  cylinders  is  a  iunftir 

»«.>tHii,',  ;i  MTiin,,  m!  v^\;v'.  ■   ■■■■  ■    ■■■!  ■■   r'_  -r    tiwJ 
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cylinder  dimensions  are  bore  4  inches  and  stroke  7^  inches,  unus- 
ually large  water  jackets  being  cast  integral  with  the  cylinders,  as 
shown  by  the  section.  Large  core  openings  are  allowed  in  the 
water  jacket  at  the  sides  and  ends  of  each  block  and  are  closed  by 
light  aluminum  plates. 

Steel  pistons,  machined  from  solid  forgings,  are  used,  the  cen- 
tra! portion  of  the  piston  head  being  globular  in  form  and  having 
a  thickness  of  J  inch,  the  diameter  at  the  piston-pin  bosses  being 
turned  down  to  avoid  expansion  at  this  point.  Below  the  piston 
rings,  of  which  there  are  two,  the  skirt  of  the  piston  is  machined 


Fig.  27.     LoDchudiniil  Sertion  oF  Blork  Cutlng  of  Pnunot  Mak 

Lefl  Pur  otCyNndcnSei-tioned  IhrouRh  Ontri;  Rifhl  Pair  Sii uuik-u  i.nuusii  •iu>ck 
CimrtMy  al  "  AfT\ai   Apf,"   Sfn    York  Cilu 

to  a  section  but  ^  inch  in  thickness.  As  shown  in  Fig.  28,  the 
connecting  rods  are  of  the  forked  type  and  are  machined  from 
steel.  The  rod  and  shank  are  of  I-beam  section,  the  web  and 
flanges  of  which  are  only  1^5  inch  thick.  This  motor  is  also  unique 
in  having  its  crankshaft  mounted  on  three  large  double-row  ball 
bearings.  To  accomplish  this,  the  crankshaft  itself  is  made  in  two 
parts  fitted  together  at  the  center  main  bearing  by  means  of  a 
taper,  key,  and  locking  nut,  this  construction  being  made  neces- 
sary by  the  use  of  the  center  ball  bearing  as  the  thro^a  lA  *Ccift 
crank^iaft  could  not  be  passed  through  the  lattei. 
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Vaheg  and  Valve  Mechanism.  Maximum  efficiency  at  high 
speeds  was  obtained  in  the  eaHy  Peugeot  racing  motors  by  the  use 
of  four  valves  per  cylinder,  driven  by  separate  overhead  camshafts; 
and  the  same  form  of  construction  has  been  followed  in  the  aao- 


plane  motor.  Tlie  vahes  have  a  diameter  of  close  to  2  inches  and 
are  all  of  the  same  size,  while  the  valve  stems  are  turned  to  thrM 
different  diameters.  The  reason  for  this  will  be  noted  in  Fig.  27. 
At  its  lower  end,  just  back  of  the  head,  the  stem  is  of  the  man* 
mum  diameter,  while  the  gu\de  portvja  is  reduced  tpm.  this  by 
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about  15  per  cent,  or  f  inch.  The  spring  end  is  reduced  20  per 
cent  more,  giving  it  a  diameter  of  slightly  less  than  ^  inch.  Bronze 
valve  stem  guides  are  pressed  into  the  cj'linder  casting.  Two 
springs  are  used  on  each  valve  since  a  single  spring  has  not  been 


found  to  give  satisfactory  operation  on  aeroplane  motors.  The 
secondary,  or  inner,  spring  is  given  a  different  period  of  vibration 
from  that  of  the  main  spring. 

As  shown  in  Fig.  28,  the  valves  are  placed  at  aiv  atx^  t»  ooa 
anothn  in  the  tyhxtder  beads,  each  line  of  valves  \K\n%  dnN«n.Vil  ^ 


AVIATION  MOTORS 


separate  camshaft.  The  location  of  one  of  these  camshafts,  as  wdl 
a3  its  drive  through  a  train  of  spur  gears,  is  made  clear  in  Fig.  27, 
while  the  details  of  the  train  of  spur  gears  necessary  to  drive  the 
four  camshafts  are  shown  in  Fig.  29.  The  master  pinion  for  driving 
the  entire  train  is  mounted  on  an  extension  of  the  propeller  shaft,  the 
axis  of  which  is  in  the  same  vertical  plane  as  the  crankshaft  and 
immediately  above  it  in  the  crankcase,  a  gear  drive  bemg  employed. 
The  magnetos  and  water  pump  are  also  dnven  from  this  train  of 


gearing.  The  cams  operate  tlie  vahes  by  means  of  intermediary 
]»ush  rods  which  are  of  a  diiferent  form  for  the  inlet  and  the  exhaust 
valves,  the  canisliafts  being  offset  sUghtly  from  the  valve  axis. 

Lvbrication.  Tlie  manufacturers  of  the  Peugeot  motors  were 
the  originators  of  the  dry-sump  system  of  lubrication  now  generally 
employed  on  aeroplane  motors  and  on  some  American  automobile 
motors.  Oil  is  drawn  from  the  supply  by  means  of  a  double-gear 
pump  and,  after  having  been  filtered  and  cooled  in  a  special  radi* 
ator,  is  forced  to  the  main  WW  Vmvr^  M«i  to  the  hoUow  cam- 
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shafts,  returning  from  the  camshaft  housing  to  the  crankcase 
through  the  housing  of  the  gear  train.  Pressed-steel  drums  attached 
to  the  crank  cheeks  conduct  the  oil  from  the  main  ball  bearings  to 
the  crankpins.  The  spray  of  oil  thrown  off  by  the  cranks  serves 
to  lubricate  the  pistons  and  piston-pin  bearings. 

Carburetion  and  Ifftiiticm.  Two  carbureters,  which  are  a  devel- 
opment of  the  earlier  type  of  Claudel  racing  type,  are  used,  each 
feeding  one  of  the  groups  of  four  cylinders  independently.  As  will 
be  noted  in  Fig.  30,  there  are  two  main  fuel  passages  to  the  jets, 
one  feeding  through  the  compensating  plug  to  the  well  P,  which 
supplies  the  necessary  fuel  with  the  motor  idling  as  well  as  for 
accelerating;  and  a  second  calibrated  plug  acting  as  the  main  fuel 
feed.  The  throttle  is  of  the  barrel  type  and  is  machined  to  form  the 
diffusion  end  of  a  Venturi  tube,  while  the  inlet  manifolds  are  air- 
jacketed,  a  portion  of  the  hot  gases  from  the  exhaust  being  passed 
through  them.  This  raises  the  temperature  to  a  very  much  higher 
degree  than  could  be  attained  with  water  jacketing  and  is  thought 
to  account  in  part  for  the  unusually  high  efficiency  shown  by  this 
motor.  The  fuel  consumption  is  as  low  as  188  grams  per  h.p.  cor- 
responding to  a  thermal  efficiency  of  30  per  cent  on  the  b.h.p. 

Two  magnetos  supply  current  for  ignition.  They  are  placed 
on  top  of  the  crankcase  at  the  timing  gear  end  of  the  motor. 
Fig.  28,  and  are  driven  by  pinions  meshing  with  the  timing  gear 
train,  Fig.  29.  Two  spark  plugs  per  cylinder  are  employed,  one 
line  being  centered  in  the  cylinder  head  between  the  two  pairs  of 
valves,  while  the  second  spark  plug  enters  the  cylinder  at  an  angle 
which  brings  its  sparking  points  directly  under  the  inlet  valve  at  a 
point  in  Une  with  the  upper  limit  of  the  piston  travel.  The  firing 
order  is  1-6-3-5-4-7-2-8,  or  the  equivalent  of  the  conventional 
1-3-4-2  order  conamonly  used  in  four-cylinder  motors. 

GERMAN   MOTORS 

Benz  230-H.P.  In  keeping  with  German  aeronautical  engine 
development'  since  the  beginning  of  the  war,  the  Benz  230-h.p. 
motor  is  simply  an  automobile  type  of  motor  embodying  a  number 
of  refinements  in  weight  and  design  to  adapt  it  to  aeroplane  use. 
It  is  of  the  six-cylinder  vertical  water-cooled  type  atvd  Sa  dkS^\gc«A. 
to  drive  1^  propeller  direct,  as  will  be  clear  irom  ¥\ft.  ^\- 
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CgUnden.  The  cylindas  are  cast  aqtaratdy  and  both  cylindtn 
and  pistons  are  of  cast  iron,  the  piston  heads  being  reinforced  by 
conical  steel  forgings  riveted  and  vdded  to  the  piston  aowa  and 


bearing  on  the  piston  pin  through  a  slot  out  in  the  center  (tf  the 
connecting-rod  upper-end  bearing  so  as  to  transfer  the  stresMS 
from  the  piston  head  to  the  pin.  This  construction  is  illustnted 
by  the  sectioned  cjlinder  which  is  the  fourth  from  the  left  end- 


AVIATION  MOTORS  71 

The  piston  rings  shown  in  this  drawing  appear  to  be  of  the  usual 
size  but  are  actually  very  much  wider  than  those  ordinarily 
employed.  With  the  exception  of  the  steel  water  jackets  welded 
on,  the  cylinders  are  entirely  of  cast  iron,  their  bore  being  145  milli- 
meter, or  slightly  less  than  6  inches  (5.71  inches),  while  the  stroke 
is  190  millimeters,  or  7.48  inches;  the  compression  ratio  is  4.91  to  1. 
The  cylinders  are  bolted  to  the  crankcase  with  long  bolts  and  studs 
which  pass  through  the  upj)er  half  of  the  crankcase  and  secure  the 
crankshaft  bearings  between  the  top  and  bottom  halves  of  the 
crankcase. 

Valves  and  Valve  Mechanism.  Each  cylinder  has  two  inlet 
and  two  exhaust  valves  ojjerated  by  rocker  arms  mounted  on  ball 
bearings.  Push  rods  lifted  by  camshafts  on  either  side  of  the 
crankcase  actuate  the  rocker  arms  in  accordance  with  conventional 
practice  with  overhead  valves.  The  inlet  camshaft  is  fixed,  but 
the  exhaust  camshaft  is  made  "floating"  so  that  it  may  be  moved 
longitudinally  to  bring  into  action  a  second  set  of  half-compression 
cams  to  facilitate  starting.  When  the  exhaust  camshaft  is  in  this 
position,  the  exhaust  valves  open  35  degrees  early  and  close  22 
degrees  late.  The  camshaft  is  moved  from  its  normal  position  by 
means  of  a  small  lever  at  one  end  of  the  crankcase  and  is  returned 
to  normal  by  a  spring  in  one  end  of  the  hollow  shaft  itself. 

Cooling.  The  water  jackets  are  of  pressed  sheet  steel  stamped 
out  in  halves  and  welded  together  in  place.  They  are  exception- 
ally long,  extending  downward  to  within  less  than  2  inches  of  the 
crankcase,  and  are  attached  by  welding  at  the  top  and  bottom.  A 
number  of  corrugations  are  pressed  in  the  jackets  about  midway  of 
their  length  to  provide  for  expansion  stresses.  Similar  corrugations 
are  also  made  in  the  crown  of  the  steel  water  jacket,  while  dished 
plates  are  welded  in  position  in  the  water  space  above  the  cylinder 
head  to  direct  the  water  against  the  exhaust  valves.  The  water  is 
circulated  by  means  of  a  large  centrifugal  pump  placed  horizontally 
at  the  rear  end  of  the  motor  (right  end  of  Fig.  31)  and  is  driven 
through  bevel  gearing,  the  water  passages  being  very  large  and  free 
from  unnecessary  bends.  Particular  attention  has  been  paid  to  the 
cooling  of  the  crankcase,  this  provision  taking  the  form  of  eighteen 
aluminum  tubes,  slightly  over  1  inch  in  diameter,  placed  trans- 
versely across  the  lower  part  of  the  crankcase.    Air  is  drawn  vo^ 
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these  tubes  by  a  large  sheet-aluminum  cowl  on  the  induction  side 
of  the  engine,  a  reversed  cowl  of  the  same  type  being  placed  on  the 
exhaust  side.  In  addition  to  this,  there  are  the  usual  crankcase 
"breathers"  which  are  of  unusually  large  size.  The  crankshaft  is 
mounted  on  seven  bearings  and  six  of  the  main  bearing  housings 
are  cast  so  that  the  webs  form  transverse  air  passages  extending 
completely  across  the  engine.  Two  of  these  air  passages  are  util- 
ized to  conduct  the  main  air  supply  to  the  two  carbureters. 

Lubrication,  Oil  is  fed  under  a  normal  pressure  of  28  pounds 
per  square  inch,  though  the  maximum  capacity  of  the  pump  is  50 
pounds.  Both  the  crankshaft  journals  and  crankpins  are  drilled 
out  to  form  liberal-sized  oil  passages,  the  camshafts  being  lubri- 
cated by  oil  thrown  off  by  the  cranks;  the  connecting  rods  are 
tubular  and  are  fitted  with  tubes  of  large  bore  leading  from  the  big 
ends  to  the  piston-pin  bearings.  The  oil  pump  is  of  the  gear  t}ye 
and  is  placed  in  an  auxiliary  oil  sump  formed  in  the  lower  half  of 
the  crankcase  but  outside  of  it.  The  use  of  ball  bearings  on  the 
rocker  arms  does  away  with  the  necessity  for  any  outside  provision 
for  keeping  them  lubricated,  as  the  complete  bearings  themselves 
are  packed  with  light  grease. 

Carburetion,  Two  carbureters  are  provided,  each  supplying  a 
group  of  three  cylinders  through  a  form  of  branched  manifold  that 
makes  the  distance  from  the  carbureter  to  anv  cvlinder  the  same. 
The  carbureters  themselves  are  provided  with  flanges  by  means  of 
which  they  are  bolted  directly  to  the  side  of  the  upper  half  of  the 
crankcase.  A  main  jet  and  an  auxiliary  jet  are  used,  the  former 
being  controlled  by  the  throttle  which  is  of  the  barrel  t>pe.  The 
main  air  intake  passages  are  cast  in  the  upper  half  of  the  crank- 
case between  the  webs  of  the  main  bearings,  air  entering  each  car- 
bureter through  two  ports  cut  in  the  end  of  the  throttle  as  well  as 
through  an  air  passage  at  the  base  of  the  carbureter  below  the 
jets.  At  full  throttle,  most  of  the  air  is  taken  through  the  air  port 
in  the  throttle  above  the  jets.  When  the  throttle  is  closed  for  slow 
running,  the  main  jet  is  completely  cut  off,  all  air  then  being  taken 
through  the  passage  in  which  the  auxiliary  jet  is  located.  These 
air  ports  are  so  designed  that  the  air-gasoline  ratio  remains  practi- 
cally constant  up  to  half-speed,  but  a  further  movement  of  the 
throttle  slightly  decreases  the  amount  of  fuel  being  fed.    Tlie  ctf^ 
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iters  are  water-jacketed,  part  of  the  piping  and  the  point  at 

•b  it  is  joined  to  the  delivery  pipe  of  the  water  pump  being 

m    in    Fig.  31.     No 

pensating  arrangement 

ligh  altitude  control  is 

d. 

Ignition.  Two  mag- 
5  are  employed  and  are 
en  directly  from  the 
shaft  gears.  Fig.  32. 
I  spark  plugs  are  used 
ach  cylinder,  one  on 
I  side,  the  high-tension 
s  from  the  magnetos 
he  plugs  being  run  in 
linum  tubing.  The 
act  breakers  of  the 
netos  are  advanced  or 
rded  by  small  toothed 
Irantswhich  mesh  with 

teeth  cut  in  the  under 

of  the  contact-breaker 

the    two    magnetos 

g    interconnected    so 

both  are  advanced  or 
"ded  by  the  same  con- 
ing rod.  The  timing 
aximum  advance  is  30 
ees  early,  correspond- 
to  18  millimeters  on 
;troke,  while  the  firing 
ris  1-5-3-2^-6.  The 
letos  are  rotated  in 
nti-clockwise  direction  and  are  run  at  two-thirds  engine  speed. 
WeigTit.  The  total  weight  of  the  engine  is  863.32  pounds,  giv- 
m  approximate  weight  of  3.75  pounds  per  horsepower.  Of  this 
,  the  cylinders  represent  30.75  per  cent,  or  265.5  pounds;  the 
ccaae  24.72  per  cent;  and  the  pistons,  connecting  rods,  valves. 
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and  valve  mechanism  aggregate  17.84  j)er  cent  of  the  total,  show- 
ing the  use  of  heavy  parts  that  is  characteristic  of  German  aero- 
plane motors.  This  is  particularly  true  of  the  crankshaft  which 
weighs  109.25  pounds,  or  12.66  per  cent  of  the  entire  weight.  With 
fuel  and  oil  for  six  hours  run,  the  gross  weight  is  1920  pounds,  or 
8.35  pounds  per  horsepower. 

The  normal  speed  is  1400  r.p.m.,  giving  a  piston  speed  of  1744 
feet  per  minute,  at  which  the  engine  is  rated  at  230  h.p.  The 
brake  m.e.p.  at  this  speed  is  113  pounds  per  square  inch,  while  at 
IKK)  r.p.m.,  it  is  119  pounds.  In  a  brake  test  during  w^hich  the 
engine  was  run  up  to  1700  r.p.m.  the  peak  of  the  power  curve 
was  reached  at  1650  r.p.m.,  at  which  the  engine  developed  250  h.p. 
During  an  hours  run,  it  developed  229  h.p.  at  1400  r.p.m.  on  a 
consumption  of  150  pints  of  fuel  and  4.5  pints  of  oil. 

Maybach  Zeppelin  Engine.  The  Maybach  Zeppelin  is  the 
motor  of  which  three  to  five  have  been  used  to  drive  each  of 
many  Zeppelin  airships  used  during  the  war,  the  appended  detailed 
description  of  the  engine  itself  and  its  accessories  having  been 
compiled  from  measurements  of  engines  on  Zeppelins  destroyed  in 
England.  It  has  also  been  largely  employed  on  the  German 
Schutte-Lanz  airships.  It  is  a  six-cylinder  vertical  type,  the  bore 
being  150  millimeters,  or  approximately  ()  inches,  and  the  stroke 
190  millimeters,  giving  an  estimated  output  of  200  h.p.  at  12()i) 
r.p.m.  An  engine  of  this  size  could  naturally  not  be  started  by 
hand,  the  compression  ratio  being  5.94  to  1,  so  that  a  starting 
mechanism  somewhat  similar  to  the  crude  types  employed  in  this 
country  before  the  general  adoption  of  the  electric  starter  is  employed. 

Cylinders,  The  cylinders  are  steel  tubes,  each  being  a  separate 
unit,  hardened  at  the  base,  or  flange,  for  bolting  to  the  crankcase, 
and  threaded  at  the  upper  end,  which  is  screwed  into  a  malleable- 
iron  casting  comprising  the  head  and  water  jacket.  About  half- 
way down  the  cylinder  barrel  on  the  outside,  a  rectangular  groove 
was  turned  to  take  the  packing  used  to  render  the  water  jacket 
joint-tight.  Asbestos  held  in  place  with  several  turns  of  copper 
wire  was  used  for  this  purpose  on  the  engine  in  question,  though  a 
variation  of  this  practice  was  apparent  on  a  spare  cylinder  found 
on  another  Zepj)elin.  This  cylinder  was  fitted  with  a  large  imion 
nut  at  the  flange  with  a  plaviv  '^oVivt  ^t  live  cylinder  head. 
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VcUvet  and  Valve  Mechanism.  Each  cylinder  head  is  bored  for 
e  valves,  Fig.  33,  two  for  the  inlet,  48  millimeters  in  diameter, 
;htly  less  than  2  inches,  and  three  for  the  exhaust,  35  millimeters 
diameter,  the  latter  being  on  the  left  side  looking  at  the  motor 
>m  the  fl>'wheel  end  at  which  the  propeller  is  attached.  All 
B  valves  are  of  the  overhead  tjpe,  working  vertically  and  oper- 
iA  by  means  of  rocker  arms  with  but  two  push  rods  for  each 
linder.  These  rocker  arms  are  steel 
impings  with  cupped  recesses  bear- 
%  on  the  spherical  ends  of  the  valve 
ppets,  the  exhaust  valve  arm  having 
ree  and  the  inlet  valve  two.  Hol- 
V  spindles  mounted  on  brackets 
Dped  into  the  cylinder  heads  carry 
e  rocker  arms,  no  adjustment  other 
an  a  single  adjusting  screw  on  each 
?ker  arm  being  provided.  The  cam- 
afts,  one  on  either  side,  tappets,  and 
ler  details  of  the  valve  gear  are 
>ng  conventional  lines — in  fact, 
art  from  the  multiple  valves,  exactly 
;  same  as  the   valve-in-head   tj-pe 

motor  employed  on  thousands  of 
nerican  automobiles. 

Cooling.    The  pump  C,  of  the  cen- 
fugal  type,   is  moimted    vertically 

an  extension  of  the  crankcase,  as 
)wn  in  Fig.  34.  It  is  placed  directjy 
the  water  connection  to  the  first 
linder  and  the  pump  spindle  is  driven  through  bevel  gears  from  the 
inkshaft  at  twice  the  speed  of  the  latter.  From  the  pump,  the 
ter  first  enters  the  aluminum  water  jacket  of  the  forward  carbu- 
er,  which  is  attached  to  the  fi^-inch  water-joint  flange  of  the  front 
inder,  thence  it  flows  through  the  jackets  of  each  of  the  cylJn- 
■3  in  turn  and  then  through  the  water  jacket  of  the  second  car- 
reter,  fixed  in  the  manner  just  described  to  the  water  joint  of 
;  reap  cylinder.  These  water  joints,  used  on  each  ot  tVic  c:j\vtv- 
■s,  consist  of  a  rubber  and  wire  ring  clamped  in  v^aceVjv  a.\«MA. 


(.  33.    SwtioD  of  Cylinder  and 

Valve  AtfsnBPmenl  in  Head  of 

Maybmch  Zeppelin  Motor 
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ring  of  brass.  When  screwed  home,  this  brass  clip  reduces  the 
diameter  of  the  packhig  ring,  causing  the  rubber  to  expand  and 
making  a  simple  face  joint  against  the  two  machined  faces  of  the 
water  jacket.  From  the  water  jacket  of  the  second  carbureter,  the 
cooling  water  passes  through  a  copper  water  jacket  surrounding 
the  exhaust  manifold  and  then  returns  to  the  radiator  through  a 
2i-iiich  pijje.  In  addition  to  the  water  cooUng,  the  crankcase  of 
the  motor  is  both  cooled  and  scavenged  {probably  to  prevent  any 
possibility  of  ex]tlosioiis  in  the  crankcase)  by  means  of  a  large 
manifold.    To  the  forward  end  of  this  manifold  a  marine  type  of 


J»*a. 

*rtr 

^irW 

rt^" 

'Hhnf 

^ 

i 

-Jl' 

\ 

m 

I     ' 

" 

" 

f— li 

1 — 1 



—*] 

1  E 

J 

«<iiSfTOJ 

.:y^ 

y\ 

N 

■i^ 

^ 

"1 

\ 

ft 

t^ 

^ 

Klliptd 

fl    1 

^ 

0 

r«,  :n,     Kl..vaii..ii  o 

Miiytw) 

Un„„,   H 

..1„  u 

.„i„.  „f 

ventilator  cowl  facing  aft  was  attached  (not  shown)  so  that  the  speed 
of  the  airship  induced  a  strong  current  of  air  through  the  craiik- 
case  by  suction.  This  ventilator  cowl  protruded  through  the  tod 
of  the  gondola,  or  car  housing  the  motor.  The  air  escape<i  from 
the  crankcase  through  six  "breather"  openings  located  on  the 
opposite  side  and  c<ivered  with  wire  gauze  to  prevent  any  flame  or 
sparks  entering  the  crankcase. 

Lvbricaiion.  A  large  supply  of  lubricating  oil  is  carried  in  * 
tank  D  hung  directly  below  the  crankcase  and  connecting  with  it 
at  both  ends,  as  will  be  noted  iu  V\^.  34,  which  also  shows  the 
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water  drculating  pump  C  and  the  combined  oil  and  gasoline  filter 
A.  The  oil  is  drawn  from  this  supply  tank  by  a  piunp  end  first 
passes  through  check  valves  and  vertical  gauze  screens,  from  which 
it  passes  into  the  top  of  a  small  radiator  placed  on  the  roof  of  the 
motor  gondola.  After  passing  through  this  radiator  it  goes  to  the 
main  filter  and  thence  to  the  main  bearings  of  the  crankshaft.  By 
means  of  a  valve,  the  cooling  radiator  can  be  cut  out  of  the  system 
and  the  oil  delivered  directly  to  the  main  bearings  by  the  pump.' 
From  the  crankcase,  the  oil  flows  back  into  the  supply  tank 
through  the  drain  pipes 
shown.  Only  the  lower  part 
of  A  serves  as  an  oil  filter, 
the  upper  part,  which  is 
entirely  independent,  being 
the  gasoline  filter.  The  de- 
tails of  the  oil  pump  and  the 
external  parts  of  the  circu- 
lating system  do  not  appear 
in  the  illustration. 

The  six-throw  crankshaft 
is  mounted  on  seven  plain 
bearings,  the  journals  and 
crankpins  being  bored  and 
the  ends  of  the  latter  fitted 
with  aluminum  oil  scoops  to 
force  oil  into  the  hollow 
crankpins,  while  the  square 
connecting  rods  also  are  bored 
and  fitted  with  J-inch  tubes  to  carry  oil  up  to  the  piston  pins.  The 
valve  rockers  are  lubricated  by  oil  under  pressure  through  their  hollow 
spindles,  which  are  coupled  together  between  the  cylinders  by  rub- 
ber tubing,  the  entire  set  of  inlet  rocker  arms  also  being  c-onnected 
to  the  exhaust  valve  rockers,  so  that  the  oil  enters  at  one  end  and 
passes  through  all  the  spindles  before  returning  to  the  supply  tank. 
The  oil  pump  has  two  small  cylinders  set  at  right  angles  and  is 
driven  from  the  crankshaft  through  a  worm,  Fig.  35.  The  bevel 
gear  just  back  ot  the  worm  serves  to  drive  the  v&tei  ^ivimv  ^^ 
Fig.  34,  located  direct^  over  it.    A  governor  b  provided  Vi  '^iT^^'^ 
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the  oil  pressure  from  exceeding  a  predetermined  limit,  and 
there  is  also  a  safety  devi«e  which  operates  to  cut  off  the  fuel 
supply  to  the  engine  in  case  the  oil  pressure  fails. 

Carbureter  and  Ignition.  IVo  carbureters  are  employed,  one 
at  each  end  of  the  engine,  and  they  are  directly  connected  to  the 
water  jacketing  of  the  cylinders,  as  already  described.  These  ca^ 
bureters  consist  of  a  single  jet  fed  directly  from  a  gravity  tank, 
thus  giving  a  constant  head,  a  main  air  regulator,  a  damping 
device,  and  a  barrel  throttle,  the  relati\'e  positions  of  which  are 
shown  in  Fig,  'Mi.  The  jet  has  an  eccentric  hole  covered  by  a  cap 
with  a  similar  hole,  so  that  rotation  of  the  cap  regulates  the  area 


of  the  jet  opening.  This  cap  is  also  interconnected  with  the  throttle 
and  air  slide  so  that  it  opens  and  closes  with  similar  mowments 
of  these  controls.  The  main  air  rcj^ulator  is  of  the  slidingrahutter. 
or  guillotine,  type  interconnected  by  bell-crank  levers  with  the 
throttle.  The  jet  damping  device  is  also  interconnected/with  the 
lubricating  sjstem,  though  it  may  be  oi>erate<l  independently  of 
this.  The  constant-head  gravity  tank  is  kept  full  by  an  adjacent 
float  chamber  (not  shown),  and  this  in  turn  is  supplied  by* 
pump  from  the  main  fuel  tank.  Ignition  is  by  means  of  a  sin^ 
Ug^-tension  magneto  but,  as  no  details  are  given,  it  is  presumabljj 
oxiTentional  throughout.  I 
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Starting  Dmee,  By  means  of  a  hand  lever  A,  shown  in 
Fig.  37,  the  inlet  valves  are  all  lifted  off  their  seats  and  at  the  same 
time  a  barrel  valve  D  is  revolved  a  half-turn,  opening  the  com- 
municating passage  betn'een  the  tank  E  and  the  inlet  manifold. 
With  the  aid  of  the  hand  pump  shown  a  compressed  fuel  mixture 
is  presumably  delivered  to  the 
cylinders  and  fired  by  a  starting 
magneto,  details  of  the  operation  of 
the  starter  being  lacking. 

Mercedes.  Twin  Mercedes  en- 
gines rated  at  260  h.p.  each  were 
taken  from  a  Gotha  battle  plane 
captured  by  the  British  and  sub- 
jected to  a  detailed  examination 
and  bench  test,  from  which  the  fol- 
lowing data  ia  taken.  As  has  been 
mentioned  in  the  introduction  on 
aviation  motors,  the  German  en- 
gines are  an  adaptation  of  their 
automobile  motors,  the  Mercedes 
having  been  prominent  for  jears  in 
German  racing  automobiles. 

Cylinders.    The  engines  are  of 
the  usual  six-cylinder  vertical  water-       j.^  ^j    Details  <i(  Moybsoh  starting 
cooled  type,  the  cylinders  being  of  .M<--hEinmrn 

built-up  construction.  The  body  of  the  cylinder  proper  is  a  steel  forg- 
ing, machined  all  over  and  having  a  fine-pitch  thread  turned  on  its 
upper  end,  by  means  of  which  it  is  screwed  into  the  cylinder  head. 
The  cylinder  walls  are  3.5  millimeters  thick  at  the  top  and  6  milli- 
meters thick  at  the  base  flange,  or  point  at  which  they  are  fastened  to 
the  crankcase.  In  turning  the  cylinders,  shallow  flanges  are  left  on 
the  outside  to  assist  in  cooling  them.  Steel  stampings  1.25  millime- 
ters thick  and  in  four  parts  form  the  water  jackets,  which  are  welded 
on  by  the  oxy-acetylene  method,  the  joints  then  being  ground 
down  smooth  so  that  the  water  jacket  appears  as  if  all  one  piece. 
The  lower  part  of  the  jacket  is  cylindrical  and  is  welded  to  the 
.base  flange,  while  the  i4)per  part  is  in  three  pieces,' two  cA  -«V\^ 
Unraicle  the  valve  pockets  and  are  welded  verticaWy  -w^iiWe  ^e  \3k«^ 
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piece,  consisting  of  a  steel  disc,  is  welded  onto  the  flanged  tops  of 
the  valve  enclosure  to  form  ^e  top  of  the  jacket.  The  circulating 
pipe  connections  also  are  welded  to  the  jackets  on  the  exhaust  sude. 
Bosses  for  the  spark  plugs  are  welded  into  the  cylinder  barrels  just 

below  the  intake  valves.  Re- 
cesses are  formed  in  each  of 
the  exhaust  valve  podcets,  so 
that  the  cooling  water  is  car- 
ried right  to  the  exhaust  valve 
stem  guides.  Complete  with 
valves,  valve  springs,  and  the 
brackets  screwed  into  the  cylinder  head  ..to  support  the  camshaft, 
each  cylinder  weighs  34.25  pounds. 

Tlie  pistoils  are  also  of  built-up  construction.  Fig.  38,  the 
heads  being  turned  from  steel  forgings  and  screwed  onto  a  cast- 
iron  skirt  and  the  joint  then  welded.  Four  compression  rings  are 
fitted,  three  being  placed  as  close  as  possible  to  the  head  while  the 
fourth  is  at  the  lower  extremity  of  the  piston.    All  these  rings  are 

the  same  width  and  are  sim- 
ply split  on  a  45-degree  angle, 
no  provision  being  made  to  pre- 
vent their  turning.  The  piston 
pin  projects  through  the  bosses 
in  the  piston  head  and  fits  into 
the  skirt  fiush  with  its  outside 
diameter.  These  pins  are  37  mil- 
limeters in  diameter  and  are  fas- 
tened with  asetscrewlocked  with 
a  cotter  pin.  Includingthepiston 
pin  and  bushing,  the  piston  com- 
plete weighs  11  pounds.  The 
connecting  rods  are  the  usual 
I-beam  section  forgings,  detaib 
of  which  are  shown  in  Fig.  39. 
Valves  and  Valve  Mechanism.  Four  valves  are  used  in  eadi 
cylinder  and  all  are  interchangeable.  The  cylinder  heads  are  d 
1 1-millimeter  section  at  the  dome  and  the  valve  seats  are  machinied 
directly  in  them,  while  the  valve  pockets,  which  are  ma^wiH  bo0 


Fig.  39.    Clonnectiiig  Rod  of  Mercedes  Motor 
—Standard  T^Tje 
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turgings,  nre  welded  into  the  t-ylinder  heads.  Steel  valvr 
atem  guides  are  welded  into  the  valve  pockets  and  bronze  bush- 
ings are  pressed  into  tlie  guides,  the  exhaust  valve  guide  being 
allowetl  a  greater  water-cooiing  spaee  than  the  inlet.  A  single 
hollow  overhead  camshaft  operates  all  the  valves  and  is  driven 
through  bevel  gearing  and  a  vertical  shaft  from  the  crankshaft,  the 


details  of  this  drive  as  well  as  those  of  the  rocker  amis  and  a  sec- 
tion of  the  cjlinder  itself  being  shown  in  Fig.  40. 

The  separate  detail  drawing  at  the  lower  left  of  Fig.  40 
illustrates  the  method  employed  to  operate  the  two  groups  of  valves 
in  each  cylinder  from  the  single  camshaft.  The  latter  is  ineIose<l 
li-.   ill!  iiliiminum-ailoy  housing,  maefained  all  over,  and  the  ^\wdNi&^ 
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of  each  lever  is  mounted  on  three  bearings  in  this  housiog.  It  is  so 
designed  that  the  cam  operates  the  arm  of  the  rocking  lever  inside 
the  housing,  while  the  other  arm  of  the  rocker  actuates  the  valve 
outside  the  housing,  this  arm  working  between  two  outer  bearings 
of  the  rocker  spindle  situated  between  the  separated  oompartmoits 
of  the  camshaft  housing.  On  the  end  of  the  outer  rocker  ann,  a 
branched  tappet  arm  is  carried  to  open  the  two  valves.  To  pre- 
vent these  branches  from  moving  on  the  rocker  arm,  they  are 
pressed  onto  the  ends  of  the  rocker  arm  but  not  secured  in  any 
other  way.  Tlie  spindles  of  the  rocker  arms  bear  directly  in  the 
camshaft  housing  without  any  bushings.  Hardened-steel  rollers  are 
fitted  to  the  inner  ends  of  the  rocker  arms  in  contact  with  the 
cams.  The  valves  themselves  are  placed  at  an  angle  of  15  degrees 
in. the  cylinder  heads  and  carry  single  valve  springs  whicji  taper 
from  39  to  31  millimeters,  the  small  end  being  at  the  top. 

Half 'Compression  Gear.  To  permit  starting  by  hand,  the 
engine  is  fitted  with  a  half-compression  gear,  the  camshaft  being 
designed  to  slide  longitudinally  in  its  bearings  so  as  to  bring 
into  action  a  small  cam  located  on  the  mid-neutral  axis  of  the 
exhaust  cam  proper.  Splines  on  the  driving  end  of  the  camshaft 
permit  this  longitudinal  movement  through  the  driven  bevel  gear, 
Fig.  40.  The  small  hand  lever  shown  in  outline  is  employed  for 
bringing  the  half-compression  gear  into  operation  for  starting. 
This  lever  is  set  at  right  angles  to  the  camshaft  and  is  attached 
•to  a  gun-metal  collar  with  an  internal  multiple  thread  of  almost 
1-inch  pitch.  The  collar,  which  is  inclosed  by  an  aluminum  housing, 
engages  a  corresponding  thread  cut  on  the  outside  of  a  steel  sleeve, 
while  inside  this  sleeve  is  a  double-row  thrust  ball  bearing  fixed  to 
the  rear  end  of  the  camshaft  so  that  the  movement  of  the  lever 
about  the  axis  of  the  camshaft  rotates  the  steel  sleeve,  thus  pulling 
or  pushing  the  camshaft  along  through  the  driven  bevel  gear. 
When  the  camshaft  is  moved  as  far  as  it  will  go  toward  the  rear, 
the  half-compression  cam  is  drawn  into  line  with  the  roller  end  of 
the  exhaust  valve  rocker  arm,  opening  the  exhaust  valve  near  the 
end  of  the  compression  stroke. 

Crankshaft  and  Crankcase.  The  crankshaft  is  of  massive  design 
and  weighs  139.5  pounds,  including  the  propeller  boss.  It  is  sup- 
ported on  seven  large  plain  bearings,  the  caps  of  whidh  are  cast 
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integral  with  the  lower  half  of  the  crankcase.  The  end  bearing 
next  to  the  propeller  is  over  4  inches  long,  while  the  remaining 
bearings  are  slightly  less  than  3  inches  in  length.  Both  the  section 
and  width  of  the  crank  webs  increase  toward  the  propeller  end  of 
the  shaft,  the  first  three  from  that  end  being  29,  28,  and  27  milli- 
meters thick,  respectively,  the  remaining  crank  webs  being  of  the 
last-named  dimension.  Both  the  crank  webs  and  the  shaft  itself 
are  drilled  for  the  passage  of  oil  in  accordance  with  the  usual  prac- 
tice in  this  respect.  A  ball  thrust  washer  over  4  inches  in  diameter 
is  j)rovided  at  the  forward  end  of  the  first  main  bearing  to  take 
the  propeller  thrust.  It  is  mounted  in  a  split  cage,  which  is  held 
in  a  housing  formed  by  the  halves  of  the  crankcase.  The  propeller 
hub  is  mounted  on  a  taper  and  held  by  a  single  large  key.  Fig.  41 
shows  the  details  of  the  com- 
plete hub. 

Lubrication',  The  lubri- 
cating system  is  of  the  usual 
force-feed  type  but  employs 
a  plunger  pump  instead  of 
the  more  commonly  used  gear 
t\i>e.  The  main  oil  sump  is 
located  below  the  crankcase 

at  the  rear  end  and  the  pump  is  placed  in  this.  In  the  forward 
end  of  the  lower  half  of  the  crankcase  below  the  false  bottom  is  an 
auxiliary  oil  sump  into  which  the  oil  returning  from  the  circulating 
system  drains  through  a  wire  gauze  filter.  Between  the  two  sumps 
an  air  chamber  is  formed  in  the  crankcase  casting  for  the  dual  pur- 
pose of  cooling  the  oil  and  warming  air  for  the  carbureter  intake. 
A  number  of  fins  are  cast  on  the  bottom  of  the  crankcase  to  facili- 
tate the  cooling  of  the  oil;  and  two  ventilating  funnels  are  ])laced 
on  each  side  of  the  crankcase  to  lead  air  into  it. 

The  circulating  system  is  divided  into  main  and  supplemen- 
tary systems,  the  former  of  which  is  supplied  by  the  main  plunger 
of  the  pump  and  the  latter  by  auxiliary  pistons.  In  what  may  be 
termed  the  main  pressure  circuit,  oil  is  drawn  from  the  main  smnp 
and  forced  to  the  crankshaft  and  connecting-rod  bearings,  pistons, 
piston  pins,  and  camshaft  bearings.  The  auxiliary  plungers  of  the 
pump  draw  a  smaller  charge  of  oil  from  the  second  sump  at  lb 
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forward  end,  thus  keeping  the  main  circulating  system  supplied 
with  an  extra  amount  of  fresh  oil  at  every  stroke.  Tbc  proper 
working  level  of  the  oil  in  the  main  sump  b  nuuntained  by  the 
supply  fnnn  the  forward  sump  and  a  small  suction  piunp  in  the 
former  draws  off  any  excess  oil  and  returns  it  to  the  auxiliary  sump. 
.The  detMls  of  the  oil  pump  are  shown  in  Figs.  42  and  43. 
Two  main  plungers  for  suction  and  delivery  are  employed  in  addi- 
tion to  three  auxiliary  plungers  suspended  ^m  one  of  the  main 
plungers,  these  extra  plungers  working  in  conjunction  with  piston- 
valve  plungers  at  the  sides  of  the  main  pump.  Each  pump  am) 
valve  plunger  is  operated  by  an  eccentric  the  shaft  of  which  lies  at 
right  angles  to  the  crankshaft.     It  is  driven  by  a  worm  and  pinion 


Fig.  42.     Htniaa  ot  Mun  Oil  Pump  of  MirmlrH  Motor 

at  a  ratio  of  17  to  1  to  the  engine  speed  off  a  layahaft  which  in 
turn  is  driven  from  the  vertical  timing  pear  shaft  at  the  rear  end 
of  the  motor  through  bevel  gearing.  The  details  of  this  drive  as 
wel!  as  the  location  of  the  oil  and  water  pumps  and  the  carbureter 
are  shown  in  Fig.  44. 

Referring  to  the  view  of  the  oil  pump  itself,  Tigs.  42  and  43, 
oil  is  drawn  from  the  main  sump  through  a  wire  gauze  filter  in  the 
bottom  of  the  oil  pump  body  by  the  suction  of  the  main  plunger 
A  through  the  port  B,  cut  in  the  bottom  of  the  pump  barrel,  in 
conjunction  with  the  piston  valve  C,  when  the  opening  of  the  latter 
corresponds  with  the  port  B.  On  the  don-nward  stroke  of  the  main 
plunger  A,  the  oil  is  forced  through  the  port  B  and  the  annular 
qtace  above  the  piston  valve  C  through  the  main  delivery  pipe  D 
to  the  main  bearings,  when  the  piston  valve  C  unoovera  the  port  B 
OD  ha  downward  stroke.    At  the  same  time,  the  auxiliary  i 


E,  ^rbSA  is  fitted  to  the  bottom  of  the  {dunger  A,  dnm  e 
(jiuge  of  fresh  <^  od  its  i^nrsd  stroke.  Tliis.  iartalon  tiiroa^  a 
port  in  the  bottran  end  of  the 
valve  plunger  from  the  <m1 
service  tank  throng  the  pipe 
G,  and,  on  the  downward 
'  stroke  of  the  plunger  E,  the 
diai^  of  oil  is  forced  iquward 
through  the  hollow  valve 
lounger  and  the  port  H,  which 
opens  into  the  hollow  stem  ol 
the  valve,  to  the  delivery  pipe 
D  and  thus  to  the  main  bear- 
ings.  In  the  same  sequence, 
the  twin  plunger  El  drag's 
fresh  oil  from  the  service  tank 
and  forces  it  to  the  camshaft 
bearings  through  the  deliver}' 
pipe  J,  the  oil  entering  the 
hollow  camshaft  through  the 
hollow  spindle  of  the  air  pump, 
which  is  attached  to  the  for- 
ward end  of  the  camshaft 
housing.  From  the  holloa 
camshaft,  the  oil  escapes 
through  small  holes  and  oil 
grooves  cut  in  each  of  the 
camshaft  bearings,  the  rocker- 
arm  spindles  being  lubricated 
by  the  oil  thrown  off  by  the 
cams  and  caught  in  boles 
drilled  in  tha  upper  portion  of 
the  hollow  spindles.  This  pro- 
vision does  not  appear  to  be 
sufficient  since,  in  the  tootiot  in 
question,  some  of  these  si»n- 
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from  the  latter>  thus  maintaining  it  under  a  continuous  pressure. 
Any  excess  oil  is  led  back  to  the  crankcase  through  the  air  pump 
and  a  small  tube  leading  down  the  outside  of  the  forward  cylinder. 
A  second  escape  for  this  overflow  is  provided  at  the  rear  end, 
where  it  runs  down  through  the  hollow  timing  gear  shaft  and 
bevel  gears. 

From  the  forward  sump,  oil  is  drawn  by  the  auxiliary  plunger 
A'  through  the  port  L,  cut  in  the  bottom  of  the  pump  cylinder, 
when  the  piston  valve  M  is  in  the  upper  position,  so  that  the  oil 
enters  the  pump  through  the  large  pipe  N,  It  is  discharged  on  the . 
downward  stroke  through  the  annular  space  about  the  stem  of  the 
valve  M  and,  the  port  P,  drilled  in  the  side  of  the  piston  valve 
barrel.  To  maintain  the  correct  working  level  in  the  sump,  a  third 
plunger  R,  also  attached  to  the  bottom  of  the  main  plunger  A, 
draws  off  any  excess  oil  through  the  suction  pipe  S  and  returns  it 
to  the  oil  service  tank  through  the  pipe  T  on  the  downward  stroke 
of  the  plunger  R.  This  plunger  works  in  conjunction  with  the 
piston  valve  V,  which  is  flexibly  attached  to  the  bottom  of  the 
suction  pump  A  in  a  slot  cut  in  the  face  of  the  pump. 

In  operation,  the  pulsations  in  the  circulation,  due  to  the 
working  of  the  oil  pump  plungers,  are  damped  out  by  the  cushion- 
ing effect  of  a  spring-loaded  valve  which  communicates  directly 
with  the  pump  on  its  under  side.  The  plunger  of  this  valve  is 
prevented  from  seating  on  the  bottom  of  its  cylinder  by  a  boss 
turned  on  its  under  side  and  a  set  screw  against  which  it  bears 
when  in  its  lowest  position. 

Carburetion  and  Ignition.  A  single  carbureter  is  employed  and 
is  located  at  about  the  level  of  the  crankshaft  at  the  rear  end  of 
the  motor,  as  will  be  noted  in  Fig.  44.  Gasoline  enters  the  float 
chamber  through  a  cylindrical  gauze  filter  placed  horizontally  on 
the  end  of  the  supply  pipe  and  located  in  a  special  filter  chamber. 
The  main  jet  of  the  carbureter  is  placed  in  the  usual  Venturi  tube 
while  a  small  idling  jet  is  located  at  the  side  of  the  intake  passage 
and  communicates  with  an  annular  groove  machined  around  the 
outer  end  of  the  throttle  valve  liner,  this  valve  being  of  the  usual 
barrel  type.  When  closed,  air  is  drawn  through  a  V  slot  cut  in  the 
barrel,  while  the  main  air  supply  from  the  base  ol  t\vft  et^x^Ssj^sfc  \^ 
taken  throivb  a  corneal  auction  valve  surrounding  tVieNe\i\x»\  \>^'^ 


at  its  l»se  and  having  eight  small  lioles  drilled  ia  it.  The  tlirnttli 
valve  is  water-jacketed  while  tlie  induction  pipe  is  lagged  with 
asbestos  up  to  the  level  of  the  cyHnder  heads. 

Two  magnetos  aire  located  on  a  short  transverse  shaft  driven 
tiirough  bevel  gearing  from  the  vertical  timing  shaft,  all  twdve 
spark  plugs  being  placed  on  the  inlet  aide  of  the  Engine  and  located 
directly  beneath  the  intake  valves.  The  contact  breaker  and  dis- 
tributor of  one  of  these  magnetos  is  employed  for  starting  and  is 
supi^ied  with  current  for  this  purpose  horn  a  small  hand-operated 
generator  which  is  turned  over  until  the  engine  takes  up  its  cycle. 

Air  and  Water  Pumps.  Air  pressure  for  the  fuel  feed  is  sup- 
phed  by  a  small  pump  driven,  off  the  forward  end  of  the  cam- 
shaft, while  a  flexible  driving  shaft  attached  to  the  rear  end  (A 
the  camshaft  leads  to  an  electrical  tachometer  on  the  instrument 
board  to  indicate  the  number  of  revolutions  the  en^ne  is  making. 

As  shown  in  Fig.  44,  the  water  pump  is  located  next  to  the 
oil  pump  and  is  driven  directly  from  the  vertical  timing  shaft 
which  operates  the  camshaft.  The  water  pump  is  of  the  centrif- 
ugal type  and  delivers  the  cooling  water  to  the  jackets  through 
double  inlet  connections  at  both  top  and  bottom,  the  general 
location  of  the  piping  being  shown  in  the  illustration.  No  packing 
^nds  are  provided  for  the  spindle  of  the  pump,  but  a  hardened- 
steel  washer  is  set  in  a  recess  machined  in  the  u^per  face  of  the 
rotor  and  this  is  kept  in  uniform  contact  with  the  face  of  the 
phosphor-bronze  spindle  bashing  by  means  of  a  light  spring  fitted 
under  a  ball  thrust  race  at  the  driving  end  of  the  spindle. 
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Requirements  of  Militjary  Types,  In  view  of  the  fact  that 
aeroplane  design  is  still  in  process  of  evolution,  it  may  appear  to 
be  somewhat  of  a  mistake  to  try  to  standardize  types  of  aeroplanes. 
There  are,  however,  a  certain  number  of  machines  constructed 
according  to  well-defined  models  and  after  which  the  majority  of 
others  are  patterned*  While  these  are  more  or  less  similar  in  their 
fundamental  eharacteristics,  they  vary  from  one  another  in  impor- 
tant details  of  size,  arrangement,  and  efficiency  of  their  parts. 

To  give  some  idea  of  the  requirements  which  the  designer  and 
constructor  of-  aeroplanes  for  military  service  must  meet,  the  per- 
formances required  in  order  to  pass  the  government  tests  for  the 
different  types  are  appended.  However,  in  view  of  the  rapidity 
with  which  advances  in  aeroplane  design  have  been  made,  particu- 
larly during  the  war  and  especially  with  regard  to  the  speed  and 
climbing  ability  required  of  some  of  the  scouting  types,  these 
specifications  must  be  regarded  in  the  light  of  an  illustration  rather 
than  as  representing  requirements  now. 

Light  Scout.  Radius  of  travel,  300  miles;  speed  range,  85-50 
m.p.h.;  load  capacity,  pilot  only;  climbing  speed,  3500  feet  in  5 
minutes.    Must  be  capable  of  being  started  by  pilot  unaided. 

Reconnoissance  Type  a.  Radius  of  travel,  300  miles;  speed 
range,  75-45  m.p.h. ;  load  capacity,  pilot  and  observer  plus  80  pounds 
of  wireless  equipment;  climbing  speed,  3500  feet  in  7  minutes. 

Reconnoissance  Type  b.  Radius  of  travel,  200  miles;  speed 
range,  60-35  m.p.h. ;  load  capacity,  pilot  and  observer  plus  80  pounds 
of  wireless  equipment;  climbing  speed,  3500  feet  in  10  minutes. 
Must  be  able  to  land  over  a  30-foot  obstacle  and  pull  up  within 
100  yards  of  that  obstacle,  the  wind  not  being  more  than  15  m.p.h. 
Must  have  unrestricted  view  for  observer. 

Fighting  Aeroplane  Type  a.  Radius  of  travel,  200  miles;  speed 
range,  65-45  m.p.h.;  load  capacity,  pilot  and  gunner  plus 300 pounds 
for  gun  and  ammumtion;  climbing  speed,  3500  feet  in  10  minuter. 
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Must  have  a  clear  field  of  fire  in  everj-  direction  up  to  30 
from  the  line  of  flight. 

Fighting  Aeroplane  Type.  b.  Radius  of  travel.  ;(00  miles;  speol 
range,  75-45  m.p.h. ;  load  capacity,  pilot  and  gunner  plu3  lOOpoundt. 
for  gun  and  ammunition;  climbing  speed,  3500  feet  in  8  mioutM 
Must  have  a  clear  field  of  fire  in  every  direction  up  to  30  dt 
from  the  line  of  flight. 

Training  Type.  In  addition  to  the  foregoing  types,  there  il 
also  the  training  plane,  or  instruction  type,  the  chief  requirementi 
for  which  are  safety  and  ease  of  handling.  Such  machines  iiauiJl]! 
have  a  radius  of  action  of  about  1.50  miles,  neither  their  flying 
climbing  speeds  being  of  particular  importance  except  on  the  \ 
of  moderation  where  the  former  is  concerned.  This  is  itsii>m' 
about  GO-40  m.p.h.,  it  naturally  being  essential  that  the  tr»iua| 
machine  have  as  low  a  landing  speed  as  possible,  since  this  rcpn- 
aents  one  of  the  most  difficult  parts  of  the  aviator's  training. 

Biplane  vs.  Monoplane.  Superiority  of  Early  Monopic 
One  of  the  most  surprising  aeronautical  developments  of  the 
was  the  practical  abandonment  of  the  monoplane  in  favor  of  tM 
biplane.  This  was  particidarly  imexpected  in  view  of  the  (Mis 
that  tlie  monoplai]e  had  always  shown  itself  to  he  llie  .><penliv 
machine  and,  that  while  not  generally  considered  the  safer  of  thd 
two,  it  had  far  less  fatalities  to  its  discredit  than  the  bi|>lane.  Aa 
analysts  of  the  factors  that  have  brought  about  the  tninsfonnatiatit 
however,  makes  it  plain  that  the  necessities  of  the  war  were  nxpot' 
sible  only  for  hastening  the  development  which  normal  progre^  in 
aeronautics  would  eventually  have  effected.  The  monoplane  was* 
French  product  and  the  very  first  machines  built  by  Bleriot  vm 
distinguished  by  that  refinement  of  design  and  construction  thil 
characterized  earlj'  French  automobiles  as  compared  with 
produced  in  other  countries.  Consequently,  they  were  possessed  ■ 
superior  speed  and  maneuvering  qualities;  they  were  built  ititfal 
much  keener  realization  of  the  task  they  had  to  perform  and  tl* 
reqiiiremenis  that  had  to  be  met,  and  they  were  correspondinidy- 
more  successful. 

Injenoriiy  of  Early  Biplane-n.  Compared  with  the  first  Fitnci 
monoplanes,  the  early  biplanes  built  in  this  countiy  were  quite  M 
crude  and  heB\'y'as  their  pre(\e<«ssoT4  m  the  automobile  fi?H  W 
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shown  themselves  to  be  when  pitted  against  the  French  machines. 
They  not  only  lacked  refinement  in  construction  but  they  were 
burdened  with  a  great  deal  of  unnecessary  weight  and  their 
design  revealed  small  appreciation  of  the  importance  of  keeping 
down  the  head  resistance.  As  a  result,  their  speeds  were  low 
and  they  were  not  so  easy  to  handle.  The  excessive  head  resist- 
ance was  due  to  the  emplo^Tnent  of  a  thick  network  of  bracing 
\\ires  and  the  use  of  clumsy  and  heavy  landing  gear,  as  the 
amount  of  drift  set  up  by  even  a  thin  wire  was  not  realized.  Nor 
was  it  considered  necessary  to  employ  stream-line  forms  for  struts 
and  other  structural  parts,  while  the  undeveloped  state  of  the  art 
at  that  time  led  to  manv  makeshifts  in  construction  which  resulted 
in  a  slow  and  inefficient  machine.  From  the  aerodynamic  stand- 
point, the  monoplane  was  accordingly  far  superior  to  the  biplane 
up  to  the  outbreak  of  the  war,  and,  had  not  the  necessities  of  the 
latter  brought  about  such  an  exceedingly  rapid  development  in 
aeronautics,  it  would  probably  have  maintained  this  superiority 
for  a  number  of  years.  It  was  not  alone  faster  in  horizontal 
flight  but  possessed  a  margin  of  lift  which  made  it  a  far  better 
climber  than  the  biplane,  so  that  it  was  a  victor  in  the  majority 
of  speed  and  altitude  contests.  The  monoplane  had  also  demon- 
strated its  superiority  in  stormy  weather,  so  that  it  was  apparently 
destined  to  supplant  the  biplane  altogether  in  the  course  of  aero- 
nautical development. 

Military  Advantdges  of  Biplane.  For  military  purposes  it  is 
essential  that  the  pilot  in  a  one-man  machine  or  the  observer, 
where  two  men  are  carried,  should  have  a  clear  range  of  vision 
around  as  large  an  arc  of  the  horizon  as  possible  and  should  be 
able  to  see  the  ground  directly  below,  to  the  sides,  and  to  the  rear 
of  the  machine.  This  is  one  of  the  chief  reasons  for  the  decreased 
use  of  the  monoplane,  since  the  occupants  are  seated  above  the 
wings  so  that  their  vision  is  restricted  to  sighting  to  the  front  and 
rear  and,  when  flying  horizontally,  they  can  see  the  ground  only  at 
an  angle.  Modifications  and  improvements  in  design  have  not 
sufficed  to  eliminate  this  inconvenience  altogether,  and  therefore  the 
monoplane  is  not  well  adapted  to  miUtary  observation  purposes. 

One  of  the  great  advantages  of  the  biplane  is  that  it  is  capable 
of  lifting  heavier  loads,  due  to  its  superior  lift  per  square  (o^l  t& 
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suppoMing  durf aofey  and  another  and  more  important  advantage  is 
that  it  can  be  designed  to  have  a  greater  variation  in  s^^eed  than 
the  monoplane,  in  other  words,  a  wider  speed  range,  aeroplanes 
being  rated  in  terms  of  their  minimum  and  maximum  speeds. 
The  former  is  the  landing  speed  and  it  is  essential  that  it  be  kept 
as  low  as  possible  in  order  to  insure  safety  in  alightii^.  While  the 
early  monoplanes  had  a  superior  turn  of  speed,  their  landing  speeds 
were  likewise  disproportionately  higher,  which  called  for  consum- 
mate skill  in  handling  them  to  make  a  safe  landing. 

Weight-carrying  is  naturally  a  highly  important  essential  for 
militaiy  use,  »nce  the  aeroplane  is  called  upon  to  make  long  flights 
which  require  correspondingly  large  quantities  of  fuel  and  lubricant; 
to  take  aloft  an  observer  and  instruments  as  well  as  a  pilot;  and  to 
have  an  ample  load-carrying  margin  for  machine  guns,  anmiunition, 
and  bombs. 

Constructional  Advantages.  Having  its  supporting  surfaces  in 
a  single  plane,  the  monoplane  becomes  increasingly  difficult  to 
build  as  its  size  increases.  Its  design  does  not  lend  itself  to  a 
good  engineering  structure  and,  with  increasing  size,  the  necessity 
for  trussing  and  bracing  the  wings  to  give  them  sufficient  strength 
cuts  down  its  aerodynamic  efficiency,'  since  both  weight  and  air 
resistance  are  augmented  disproportionately  to  the  increase  in  lifting 
surface.  On  the  other  hand,  the  biplane,  with  its  parallel  surfaces, 
makes  possible  a  rigid  construction  embodying  all  the  elements  of 
the  truss  in  which  neither  the  weight  nor  the  head  resistance  increase 
in  the  same  proportion  as  the  increase  in  lifting  area  of  its  supporting 
surfaces.  In  either  case,  the  supporting  surface  consists  essentially 
of  two  main  beams,  often  termed  spars,  to  which  are  fastened  the 
transverse  ribs  determining  the  camber  and  serving  to  support  the 
lifting  surfaces.  But  in  the  monoplane,  these  spars  must  derive 
their  support  entirely  from  their  attachment  to  the  beams  of  the 
fuselage  and  to  bracing  wires  attached  to  the  latter,  so  that  it 
becomes  increasingly  difficult  to  build  a  rigid  surface  supported 
at  one  end  alone  as  the  demand  for  lifting  surface  becomes  greater. 
With  the  box-like  construction  afforded  by  the  biplane  design,  the 
connection  of  the  wings  to  the  fuselage  is  not  entirely  dependent 
upon  their  attachment  at  a  single  point.  The  stresses  to  whidi  the 
wings  are  subjected  are  spread  over  a  much  wider  area  of  support 
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due  to  the  rigid  struts  which  also  serve  to  strengthen  the  wings 
themselves,  while  bracing  cables  may  be  employed  to  greater 
advantage  without  the  necessity  of  introducing  masts  or  other 
resistance-creating  surfaces. 

Coinparaiive  Speeds.  Had  the  superiority  in  speed  of  the 
early  monoplanes  been  due  to  their  design  alone  and  not  their 
better  construction  as  compared  with  the  first  biplanes,  there  is 
little  doubt  that  the  monoplane  as  a  type  would  have  survived 
for  military  uses.  But  aerodynamic  research  as  well  as  practical 
experience  with  improved  types  of  biplanes  quickly  demonstrated 
that  by  the  application  of  the  same  refinements  of  design  and 
construction  that  had  made  the  monoplane  faster  at  the  outset, 
the  biplane  could  be  made  quite  as  speedy  if  not  actually  faster 
than  the  monoplane.  Biplanes  as  now  built  for  military  uses 
show  as  great  or  greater  speeds  for  the  same  power  as  monoplanes 
and  this  advantage  increases  with  the  increase  in  the  size  of  the 
machines. 

EARLY  TYPES 

Wright.  The  Wright  machine,  Fig.  1,  is  the  original  Wright 
type  of  which  many  were  made  and  used  in  this  country  as  well  as 
in  England,  France,  and  Germany.  Its  design  and  construction 
show  more  strikingly  than  any  other  single  item  possibly  could  the 
marvelous  development  that  has  been  brought  about  in  a  few 
years.  In  view  of  its  much  rougher  construction  as  compared  with 
the  finely  finished  French  machines,  its  efficiency  was  extremely 
high,  owing  in  large  measure,  doubtless,  to  the  employment  of  two 
propellers  revolving  at  a  comparatively  slow  speed.  Clear  spruce 
and  ash  were  used  throughout  in  its  construction,  the  bracing  wires 
being  cut  to  fit  exactly,  while  the  struts  or  separators  were  ellip- 
tical in  form  with  the  small  edge  facing  the  direction  of  motion  (the 
opposite  of  a  stream-line).  These  struts  were  equipped  with  hooks 
at  each  end  fitting  in  rings  in  the  frames  of  the  two  planes. 

Planes,  The  planes  had  a  span  of  41  feet,  a  chord  of  6.56 
feet,  and  a  total  area  of  538  square  feet.  They  were  covered  with 
Ught  canvas. 

Elevator.  The  elevator  was  so  constructed  that  when  elevated 
it  was  automatically  warped  concavely  on  the  under  side  and  when 
depressed  was  curved  in  the  opposite  way.    It  was  double-surfaced^ 
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had  70  square  feet  of  area,  and  was  placed  well  forward  of  thf 
nutin  planes,  being  supported  on  an  extension  of  the  landing  skids- 


Fte.  I.     Oii^al  Type  o[  Wrifbt  Biplue 
Cmnav  of  iXunn  <"<'  C»>npiinir.  Nob  York  Citf 

This  forward  elevatOF  was  controlled  by  k  hvtx  1 
operator's  left  hand.    To  rise,  the  aviator  pd      1 
Mm.    This  motion,  tranamitted  to  \It«  ^Smb 
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Bwood  connecting  rod,  caused  the  elevator  to  turn  upward 

!  to  the  line  of  flight  and  consequently  the  machine  rose. 

rsing  the  movement  caused  it  to  descend. 

hrfdhn   Rudder.    The   tiirection   rudiier   was   pluceil    in  thc 

«6n  the  center  Une  and  consisted  of  two  identical  and  parallel 

surfaces  with  a  total  area  of  '2:i  scjuare  feel.     It  was 


led  by  the  right-hand  lever,  turning  to  the  left  bein;;  accom- 
i  by  pushing  out  and  to  the  right  by  pulling  in  on  it.  The 
1  was  not  employed  exactly  in  this  manner,  however,  lis  a 
Se  movement  of  the  same  lever  also  se^^'ed  to  warpthe  planes. 
no  motions  of  the  lever  were  ver>'  mlimatdy  ^:<u\utv.\'iA  \w 
effect  upon  the  control. 
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Transverse  Control.  Transverse  control  was  the  famous  warfi- 
ing  de\ice  invented  by  the  Wrights  for  tlie  preser\'ation  of  latml 
balance  and  for  artificial  inclination  in  making  turns  (baokinL". 
To  make  this  warping  possible,  the  rear  vertical  panel  of  the  main 
cell,  or  double  plane,  was  divided  into  three  sections.  The  wtitnl 
panel  was  solidly  braced  and  extended  on  either  side  of  the  ccDlcr 
to  the  second  strut  from  each  end.  From  these  struts,  the  nar 
horizontal  crosspieces  were  merely  hinged  instead  of  being  contiiiudJ 
portions  of  the  crosspiece  at  the  center,  and  the  two  vcrlira! 
panels  on  either  end  were  not  cross  braced.  These  two  rear-fnd 
sections  of  the  cell,  therefore,  were  movable  vertically.  The  entin 
front  of  the  machine  as  well  as  the  ribs  inside  the  supporting 


planes,  however,  were  perfectly  rigid,  there  being  no  helical  Iofm" 
of  the  ribs  themselves.     Cables  connected  these  two  sections  of  tf" 
planes  together  and  led  to  the  right-hand  lever.  Fig.  2.    The  »«?■  i 
ing  apparatus  was  also  interconnected  with  the  direction  ruddcrtoll 
the  simultaneous  action  of  both  was  depended  upon.     This  was 
of  the  chief  claims  of  the  original  Wright  patent  and,  in  actual  p 
tice,  the  direction  rudder  and  transverse  control  of  the  d 
rarely,  if  ever,  worked  separately. 

Power  Plant    The  power  plant  consisted  of  a  four-cylii 
vertical    four-cycle    water-cooled    motor    built    by   the  Wrig 
themselves  and  rated  at  25  to  28  h.p.,  which  drove  two  doubH 
blade  propellers  in  oppo-iVte  t\\reiA\ows.  V\v   eUatns  and  sprwirW-l 
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The  propellers  were  of  laminated  wood  construction,  made  of  clear 

sjiruce,  measuring  SJ  feet  in  diameter  and  having  a  9-foot  pitch. 

Tliey  rotated  at  400  r.p.m.,  or  only  about  J  the  speed  at  which 

tlie  usual  single  propeller  is  ordinarily  driven,  and  were  placetl  at  the 

rear  of  the  main  cell  at  equal  distant-es  on  either  side  of  the  center. 

Running  Gear.    As  already  mentioned,  the  urigiiial  mounting 

was  on  skids  only,  but  all  Inter  Wright  machines  were  fitted  with 

four    pneumatic-tired    wheels    attached    to    a    rectangular   frame, 

I  Figs,  y  and  4.     The  total  weight  of  the  machine  was  1050  to  1150 

L  pounds  and  the  speed  40  m.p.h.;  41  pounds  were  lifted  per  horse- 

I  power  "f  the  motor  and  2.0.5.  pounib  per  square  foot  of  supporting 

I  surface.     The  aspect  ratio  was  lij  to  1. 

Cuniss.  The  ('iirtiss  biplane.  Fig,  5,  was  the  first  machine  to 
be  flown  from  the  deck  of  a  man-of-war.  It  embodied  in  its  con- 
struction several  features  that  distinguished  the  aeroplanes  built  by 


^1. 


the  Aerial  Experiment  Association,  of  which  Glenn  H.  Curtiss  was 
a  member.  The  main  cell  and  smaller  parts  were  made  of  ash 
;uid  spruce,  while  the  long  outriggers  were  of  bamboo,  several  of 
the  members  of  tlie  frame  meeting  at  the  front  wheel  of  the  landing 
Sratill  '^tcfl  ■"■jibles  i 
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than  'n  most  other  t^-pes  of  that  time,  ivitL  the  exception  of  the 
Demoiselle,  and  a  sharp  front  eiiffe  was  obtained  by  the  use  of 
aluminum  sheathing  at  that  jjoint.  The  two  halves  of  the  main 
plane  were  set  at  a  shght  rlihedral  angle  ami  were  braced  both 
above  and  below  by  steel  wires  led  to  the  central  frame.  Their 
span  WHS  28i  feet,  their  chord  OJ  feet,  and  their  surface  area  1,^1 
square  feet. 

Direcfion  Rudder.  The  direction  rudder  consisted  of  a  very 
small  plane  ha\-ing  only  4^  square  feet  of  area  an<l  wa.s  placed  at 
ilie  extreme  rear.     It  was  controlled  by  the  foot. 

Klrralor.  The  elevator  was  iliiided  into  two  parts,  one-half 
tif  us:  mounted  at  each  extremity  of  a  fixe<l  horizontal  keel.     It  had 


\ 


Hi  square  fret  iif  -iurface  and  whs  operated  by  the  longitudinal  move- 
ment of  a  bell-crank  de^-e.  This  took  the  form  of  a  im!'...  sally 
pivoted  lever  placed  in  front  of  the  operator  and  was  normally 
vertical.  At  tlie  lower  extremity  of  the  lever  was  fixed  a  dome 
or  hood-shaped  ijiece  of  metal  to  which  the  wires  were  attached 
and  which  at  the  same  time  protected  them  from  entanglement  with 
the  aviator's  feet.  To  ascend,  the  aviator  pulled  the  lever  toward 
him  and  to  descend,  pushed  it  from  him. 

Trailtrerae   Control.    Lateral  equilibrium   was   maintained    by 
warping  the  main  planes,  the  structure  of  the  latter  enabling  thenv 
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Speeds  of  Early 

MilM 

MII« 

Typp 

iSj;. 

Tyns- 

&_ 

Bleriot  XI  Iracing  lype) 

53 

Farman  (ruting  type) 
KommtT  (lyiO  model) 

44 

Sanlos-Dwinoiit 

55 

44 

fileriot  XI  (Bia  1910  model) 

51 

Wright  (rear  coatiol) 

48 

50 

Wright  (1910  model) 
Farman  (1910  modd) 

41 

Voisin  (racing  type) 

49 

41 

Curtiss 

48 

Voisin  (1910  model) 

40 

Bleriot  XII  (1910  model) 

48 

FMnnan  (passenger  type) 

Bleriot  XI  2  Bib 

48 

Pclterie 

39 

Pfilzner 

45 

QKiy 

3T 

Gra.ie 

44 

to  be  twisted  as  in  the  Wright  machine,  though  in  this  case  they 
warped  about  the  bases  which  were  rigidly  attached  to  the  main 
frame  by  the  socket  joints.  The  two  halves  were  warped  inversdy 
by  the  side-to^ide  motion  of  the  bell  crank,  that  is,  if  the  machine 
should  tip  up  on  the  right,  then  the  bell  crank  would  be  moved 
to  the  right.  This  would  increase  the  incidence  of  the  lowered 
^de  and  at  the  same  time  decrease  that  of  the  raised  side,  thus 
righting  the  machine.  The  combination  of  this  side-to-side  move- 
ment of  the  bell  crank  with  the  movement  of  the  foot  lever  coo- 
trolling  the  direction  rudder  was  used  in  turning. 

■  Keels.  To  preserve  the  longitudinal  stability,  a  single  fixed 
horizontal  keel  was  placed  at  the  rear.  Its  area  was  17  square  feet. 
Power  Plant.  The  power  plant  was  a  three-cylinder  fan- 
shaped  Anzant  motor  developing  23  horsepower.  It  was  of  the 
air-cooled  type  and  was  placed  at  the  forward  end  of  the  central 
frame.  It  drove  a  two-blade  wood  propeller,  6.87  feet  in  diameter 
^Ijy  Z7  feet  pitch,  direct  at  1350  r.p.m.  Most  of  the  later  Bleriot 
monc^IanarlvereTlfiga'Trith  60-horsepower  Gnome  seven-cylinder 
rotary  air-cooled  motors. 

Gemral.  The  landing  gear  consisted  of  an  elastic  chassis  witJ 
two  large  rubber-tired  wheels  forward  and  a  small  rear  wheel.  The 
springs  were  made  of  thick  rubber  cords,  affording  great  elasticity 
and  strength  with  small  weight.  The  pilot's  seat  was  back  of  the 
mwn  plane.  The  total  weight  was  from  650  to  720  pounds  Bid 
the  speed  was  38  m.p.h.  witlt  the  Anzani  motor  and  48  m.pji.  witli 
the  Gnome  motor;  29  pounis  wetc  V4»eA  v«  toraepoww         •; 
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TABLE  II 
Characteristics  of  Early  Model  Aeroplanes 


17 


Machine 

Pounds  per 
h.p. 

Pounds  per 
sq.  ft. 

Speed  in  StiU 

Air 

(m.p.h.) 

Wright 

41.0 

2.05 

41 

Wright  (rear  control) 

37.0 

2.50 

43 

Fannan  (passenger) 
Bleriot  XI 

34.0 

3.15 

39 

29.0 

4.50  . 

51 

Antoinette 

27.0 

3.33 

50 

Pelterie 

27.0 

4.40 

39 

Cody 

25.0 

2.57 

37 

Farman  (1910  model) 

24.0 

2.80 

41 

Pfitzner 

24.0 

3.20 

45 

Curtiss  (passengf  r) 

22.6 

3.64 

•  • 

Voisin  (1910  model) 

22.5 

3.14 

40 

Curtiss 

22.0 

2.50 

48 

Farman  (racing  typo) 

21.0 

3.00 

44 

Bleriot  XII 

21.0 

6.30 

48 

Bleriot  XI  2 

19.8 

3.68 

48 

Voisin  (racing  type) 

19.5 

3.27 

49 

Voisin  (tractor)* 

19.0 

2.36 

40 

Grade 

17.0 

2.00 

44 

Sommer 

16.0 

2.76 

44 

Sommer  (racing  type) 

15.0 

3.25 

•   • 

Santos-Duniont 

12.0 

3.10 

55 

Bleriot  XI  (racing  type) 

7.5 

5.76 

63 

fK>un(is  per  square  foot  of  surface,  this  ratio  being  unusually  high. 
The  aspect  ratio  was  4.35  to  1. 

Speeds  and  Characteristics  of  Early  Models.  The  Wright, 
Curtiss,  and  Bleriot  machines  have  been  selected  as  typical  of  the 
many  early  types  developed.  Tables  I  and  II  give  a  general  idea  of 
the  characteristics  of  those  not  discussed  and  the  speeds  developed. 

Nieuport.  During  1911,  the  Nieuport  monoplane  earned  for 
itself  the  title  of  the  **fastest  aeroplane'*.  Wevnnan's  l(X)-h.p.  Nieu- 
port made  an  average  of  78  m.p.h.  in  the  Gordon-Bennett,  winning 
the  trophy  for  America,  while  a  30-h.p.  machine  of  the  same  make 
made  58.9  m.p.h.  in  the  same  event.  WTiat  this  meant  may  best 
be  realized  from  the  fact  that  the  original  Wright  biplane  with  a 
motor  of  the  same  rating  could  not  do  better  than  40  m.p.h.  A 
70-h.p.  Nieuport  made  74.8  m.p.h.  as  compared  with  the  speed  of 
61  m.p.h.  made  with  the  100-h.p^  Bleriot  which  won  the  1910 
Gordon-Bennett.  In  the  French  military  competition,  W^eyman's 
100-h.p.  Nieuport  averaged  72.6  m.p.h.  for  \&&  xc3l«9»  e»xr^\is^ 
three  people. 
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The  construction  of  the  early  Nieuport  type,  for  two  persons, 
fitted  with  a  60-h.p.  revolving  Gnome  motor  was  as  follows: 

The  wings  were  built  up  on  two  main  spars  of  ash,  while 
between  these  spars  were  run  three  light  battens  merely  to  tie  the 
ribs  together.  The  ribs,  of  which  there  were  13^  were  of  I  section, 
built  in  the  usual  manner  and  with  the  webs  perforated  to  save 
weight,  while  the  box  ribs  were  built  up  by  using  two  webs  and  larger 
top  and  bottom  flanges.  The  rib  curve  varied  in  each  rib,  decreas- 
ing toward  the  wing  tips  and  going  down  to  a  flat  bow.  The 
wing  section  shown  in  Fig.  9  might  be  taken  as  the  standard  curve, 
allowance  being  made  for  the  different  chord  at  various  places  and 
also  for  the  different  thicknesses  of  the  spar,  which  tapered  both 
ways  from  a  straight  central  portion.  It  will  be  noted  that  there 
whs  a  slight  reverse  curve  on  the  under  surface  at  the  trailing  edge, 
while  it  was  very  pronounced  on  the  upper  surface.  Each  \iing 
^vas  trussed  with  two  heavy  standard  cables,  top  and  bottom,  to 
ach  spar,  and  tliey  were  set  at  a  slight  dihedral  angle.  The 
fuselage  longitudinals  were  also  of  ash,  rectangular  in  section,  and 
'  channeled  out  between  the  struts  to  achieve  lightness.  Rectangular 
ash  struts  were  also  employed,  except  those  for  the  skids,  which 
were  of  steel  tubing.  Connection  between  the  struts  and  longi- 
tudinal members  was  made  by  aluminum  castings  to  which  the  wire 
bracing  was  anchored.    The  entire  structure  was  covered  with  fabric. 

Control  was  by  means  of  a  single  hand  lever  operating  the 
rudder  and  elevating  plane,  while  a  bar  for  the  feet  worke<l  the  warp- 
ing mechanism.  The  single  hand  lever  was  mounted  by  a  swivel 
joint  on  a  short  shaft  lying  along  the  floor  inside  the  body.  A 
forward  and  backward  movement  of  this  lever  operated  the  elevator 
by  wires  passing  around  pulleys  mounted  at  the  ends  of  the  rock- 
ing shaft,  while  a  lateral  movement  of  the  lever  actuated  the  rud- 
der wires  through  a  crank  formed  by  an  extension  of  the  rear 
pulley  sheave  which  was  fixed  to  the  rocking  shaft.  The  elevators 
were  semicircular  in  plan  and  were  constructed  of  steel  tubinp 
frames  covered  with  fabric  on  both  sides,  the  tail  or  fixed  plane 
also  being  built  of  steel  tubing.  Nothing  but  steel  was  employed 
in  the  construction  of  the  running  gear;  the  centraTskid,  the  axle, 
which  was  made  of-  a  single  five-leaf  spring,  and  the  oval  skid 
stmts.    The  V  members  were  made  up  as  a  unit  and  oould  be 


*«vo 


ja^ 


TYPES   OF   AEROPLANES 

r  the  skid  and  put  in  place  in  a  short  time  if  repairs 

isary.     The  extreme  simplicity  of  this  running  gear  is 

at  a  glance.  Fig.   10.     The  power  plant  was  a  50-li.p.  ■ 

Jiotor   driving  a  two-blade    proijcl'.er  S  feet  4  inches  iii 

.L     The  span  was  36  feet,  the  wings  ha\'ing  an  extreme 

•/  8  feet  If  inches  where  they  joined  the  fuselage  and  taper- 

5  feet  5|  inches  at  their  outer  ends,  the  total  area  of  the 

(lanes  being  221  square  feet.     The  tail,  or  fixed  rear  plane  of 

rcular  form,  placed  8  feet  7J  inches  back  of  the  wings,  had 

ea  of  30  feet,  and  the  elevators,  which  were  practically  pari 

le  tail,  being  hinged  to  it,  luid  :i  sprciid  of  i;3J  square  feel. 

■•  made  a  total  area  of  :274i  square  feet  which,  for  a  total 


weight  of  715  pounds,  exclusive  of  the  aviator,  gave  a  loading  of  2J 
pounds,  or  of  3^  pounds  with  the  pilot,  assuming  the  latter's 
weight  to  be  170  pounds,  as  is  customary.  The  over-all  length, 
exclusive  of  the  propeller  shaft,  was  25  feet  4  inches. 

Eirich  B^d-Wing  Monoplane.  The  Etrich  monoplane  vts 
the  forerunner  of  the  Taube  (dove)  generally  used  in  the 
German  aviation  service  until  the  Germans  captured  a  Moranf 
monoplane,  copied  it  in  large  numbers,  and  christened  it  the 
"Fokker".  As  is  evident  from  Fig,  11,  the  front  part  of  each  wioK 
was  ri^dly  constructed  of  webbed  ribs  built  over  three  longitudiiui 
spars,  of  which  the  forward  one  formed  the  leading  edge.  These 
sections  were  double  surfaced,  that  is,  covered  on  both  sides  with  ft 
rubberized  fabric.  Behind  the  rear  beam  extended  bamboo  coa- 
tinuations  of  the  ribs  which  were  covered  with  a  singlf  :  d 
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slipped  od  formed  a  flexible  trailing  edge.  The  flexible  wing  tips 
were  nerned  up  at  the  rear  within  and  so  gave  both  wings  an 
apparent  negative  angle  of  incidence.  It  is  to  this  feature  that  the 
Gnome  owed  its  pronounced  degree  of  inherent  stability.  Lateral 
diamete  was  maintained  by  raising  either  wing  tip  by  means  of  a 
\iidth  which,  passing  over  a  pulley  situated  at  the  top  of  the 
ing  tpost,  divided  up  into  eight  wires  connected  to  the  flexible 
maiDmities  of  the  wing.  A  cable  passing  over  the  lower  end  of 
sem  king-post  lowered  the  opposite  tip  a  corresponding  amount, 
an  ormous  strength  was  imparted  to  the  wing  by  a  bridge-like 
of  4'ucture  of  steel  tubing,  which  embraced  the  middle-wing  spar  and 
Tas  attached  below  the  under  surface. 

A  small  wheel  mounted  at  the  lower  extremity  of  the  king- 
post protected  the  wing  tip  from  contact  with  the  ground.  The 
bird  tail  was  pivoted  in  one  unit  about  a  horizontal  axis,  the  rear 
portion  of  this  tail  forming  the  elevator,  which  was  controlled  by 
warping  the  horizontal  tail  plane.  Two  small,  triangular,  vertical 
rudders,  one  above  and  the  other  below  the  horizontal  tail  plane, 
were  hinged  to  the  rear  edges  of  two  triangular  stabilizing  fins  and 
were  operated  by  pedals  in  front  of  the  pilot's  seat,  these  being 
plainly  visible  in  the  plan  view  of  the  machine,  Fig.  11.  Elevation 
and  lateral  balance  were  controlled  by  a  hand  wheel  placed  on  the 
top  of  a  vertical  column.  The  chassis  is  similar  to  that  of  the 
Bleriot  with  the  addition  of  a  movable  c»entral  ash  skid  which 
was  controlled  simultaneously  with  the  rudder  by  a  [)edal.  The 
wheels  were  ])ivoted  so  that  the  machine  nii^ht  be  steered  when  on 
the  ground. 

The  fuselage  was  a  fisli-shaj)ed  structure  of  four  h)ngitu(linal 
w()(h1  spars  cross  l)raced  l)y  wire  guys.  From  the  engine  bed, 
which  was  mounted  at  the  forward  end,  the  IkkIv  deepened  and 
widened  in  the  vicinity  of  the  pilot's  seat,  from  which  point  it 
gradually  tapered,  still  preserving  its  triangular  section,  until  the 
tail  was  reached,  where  it  terminated  in  a  vertical  line.  To  avoid 
internal  disturbance  in  the  air  discharge,  the  Ixnly  was  covered 
forward  with  aluminum  sheeting  and  aft  with  fabric.  The  radiator 
was  an  inverted  V  suspended  above  the  passenger's  seat,  its  height 
above  the  motor  securing  eH'ective  thermosiphon  circulation  in 
case  the  centrifugal  pump  became  deranged.     The  Etrich  machine. 
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,  was  fittwi  with  a  (i[Mi.p.fom--t 
krly  typos  of  the  same  iiifiko  were  ii  12fl-V 
.ml  a  (>0-h.p.  racing  machine. 
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MODERN   AMERICAN    HIP* 
Aeromarine   Training   Tractor.     Tp   to   U 

?ntere<i  the  war.  American  aeroplane  proy 
infiiie<l  to  machhies  iiiten(le<i  for  training  pi"V 
bariiie  tractor  illustrated  in  Figs.  12,   lii,  ami  14 
[  this  class  of  machines. 

Planrx.     The  span  of  the  upper  plnne  is  M  fc^ 
;  lower  :j:i  feet,  while  the  chord  h  (1  feet  .■}  inches  . 
!i  UK'!,..-,      In  (III-  .■.m-rni<tii.ii  «(  the  wiri-s,  tW 


^^k  FIk   11      nctaik  o(  Wjiig  Cooitr 

^^Bk  usual  l-beani  tyt)e,  the  wehs  I>ein^  cut  away  to  lighten  them> 

^^■ul  they  are  reinforced  between  web  openings  to  prevent' shearing 

^^■t  these  points.    These  ribs  arc  spaced  about  1   foot  apart,  but 

^^ley  are  not  depended  on  to  take  the  drag  of  the  wings,  two  special 

strut.t  ill  connection  with  the  iisuul  wire  bmcing  being  employed 

rt>r  thi.s  purpose.     The  location  of  these  struts  as  well  as  the  relative 

distances  of  the  main  spars  from  the  leading  and  the  trailing  edge 

shown  in   Fig.   12.     The   leading  edge  of  the  wing  is  at  the 

^ttom  of  the  illustration,  the   space   between  this  edge  and  the 

wanf  s|mr  being  covered  with  thin  veneer  to  maintain  the  correct 

irvaturv  of    the  wing,  which    is  the  U..\.F.  Xo,  li.    The  wing 

(vering  is  linen  weighing  about  4  ounces  to  tbe  sc^pu^i'^  y^rd  and 

I  Tjlaced  on  diagonally,  tbe  seams  being  covered  with  linen  tape  to 

■irteot  ihem  fiwm  the  weather.  , 
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'<^y  Cnil.    The  view  of  Uie  complete  fuselage  befnre  the  co\^ 
place,  Fig.  13.  shows  clearly  i 
constructional  details  of  the  hoj 
zuntBJ    stabilizer,    elevators, 
rudder.     Tlie  stabilizer  measul 
10  feet  9  inches  across  its  trailifl 
edge.     It  is  of  the  double- 
bered  tj-pe  and  is  fitted  so  t 
its  sections  are  readily  detachabl 
from  the  fuselage.     The  elcvata 
measure  2  feet  .i  inches  from  th< 
hinges  to  the  trailing  edge,  whiwH 
the  rudder,  which  is  of  the  bal- 
ancfd  type  and  is  built  on  a  steel 
tubing   frame,    has    a    inaximiitu 
height  of  4  feet.     The  balancing' 
area  of  the  rudder  extends  1  fin'i 
3  inches   forward   of   the  ruchfir 
post,  while  the  rudder  proper  ex- 
tends 2  feet  11  inches  aft  of  it- 
pintle.     Linen  of  llie  same  weigiii 
as  that  used  on  the  wiugs  is  usfl 
for  co\"ering  all  the.se  surfaces. 

Fiisrlage.    The  over-all  leiigtli 
is  2.5  feet  fj  inches,  the  fuselap 
proper  measuring  22  feet  6  inclif 
with  a  maximum  depth  of  H  fw 
Li  inches  at  the  pilot's  cockpit,    it- 
greate.-st  width  is  2  feet  6  ipche 
.V  detachable  streaui-line  covcrinj:    ' 
is  used  for  the  top  while  the  elotti    I 
sidi.'s  are  Uced  on  so  aii  to  Ik"  rturf- 
ily  removable,  a  training  madiiii' 
iilways  receiving  such  rough  risC 
that  frequent  inspectiou  >■■.  ,   ! 
parts   and   bracing   is    i>< ' 
of  convcnlionul   pattern   but   is  so 
he  replaced  easily   on    the  field,  ^tax  tiiuj 
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one  of  the  essential  parts  of  a  training  laachine  that  usually 
suffers  most. 

Power  Plant.    The  motor  employed  is  an  aeromarine  eight- 
cylinder  water-cooled  V  type.    Its  dimensions  are  3J  by  5i  inches 


and  it  is  rated  at  100  h.p.    As  the  cylinder  dimensions  are  small, 
a  high  r.p.m.  rate  is  necessary  to  develop  this  output,  ^)Dft  -vvsnoA 
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«I  being  Approxiiiiately  22t)0  to  24IX)  r.p.iii,  The  propelW; 
fliic'h  mcasuri'S  S  feet  4  inrhfs  in  cliitiiietoraiiil  hat  a  'i-fo«t  pitch, 
X'onlingly  driven  through  gearing  with  a  ratio  of  7  to  4,  which 
ives  it  a  normal  speed  at  maximum  power  of  about  140Q  r.pjn. 
lie  motor,  indtidiiig  a  Delto  electric  starting  and  ignition  equi[^< 
lent,  weighs  450  pounds,  or  4|  pounds  per  liorsepower.  With  this 
notor,  the  machine  has  a  speed  range  of  78-42  miles  per  hour  an 
mi  climb  :i.")00  feet  in  ten  minutes.  The  complete  machine.  Fig.  1 
eighs  12ltf)  pounds  and  can  carry  a  aseFul  load  of  7lH)  pounds. 
Burgess  Training  Machine.  I'ndcr  the  American  system  of 
training  aviatury,  the  pnpil  goes  into  the  air  directly  on  completinj; 
i  course  of  gnnniii  instruction,  that  is,  in  the  details  of  the 
jfhanism,  theory,  and  assembly  of  the  aeroplane,  instead  of  na  in 
'the  French  system,  Iwing  ohiigetl  to  get  his  preliminary  "flying" 
k  pejiguiii,  or  practically  wingless  machine.  The  latter  is  only 
spable  at  the  most  of  exaggerated  hojjs  off  the  ground,  wherwf 
'he  American  training  plane  is  a  standard  machine  de3igne<l  for 
instruction  purposes.  The  Burgess  training  plane,  Fig.  lo,  isnf  tlie 
tractor  type  and  differs  from  most  of  the  machines  designed  for 
the  same  service  in  that  the  cockpit  is  arranged  so  that  the  pupti 
knd  instructor  sit  side  by  side  instead  of  tandem. 

Plauen.  In  order  that  the  machine  may  lie  handled  snfely  by 
he  novice,  it  must  be  comparatively  slow  in  responding  to  its 
ontrols,  and.  to  insure  this  as  well  as  to  keep  its  flight  speed 
lown,  it  is  provided  with  a  large  wing  area.  The  span  of  the 
kachine  is  41  feet  6  inches,  the  lower  plane,  however,  mea-iurioft 
»ut  34  feet.  The  chonl  is  fi  feet  6  inches,  giving  a  total  area  fuf 
I  planes  of  4S7  square  feet.  The  gap  is  l>  feet  and  the 
ipper  wing  is  staggered  forward  I  foot  9  inches,  while  both  plani;^ 
!  given  a  dihedral  of  3  degree  and  an  angle  of  incidence  of  I) 
legrees.  The  wing  cur\'e  is  the  R.A.F.  No.  '.i  and  the  planes  ftff 
aked  at  an  angle  of  10  degrees.  Both  the  upper  and  tlie  loww 
liane  are  in  two  sections,  the  upper  plane  having  an  area  of  21ft 
quarc  feet  \^thout  the  ailerons,  and  the  lower  plane  having  afl 
irea  of  1S2  square  feet. 

In  the  eonstniction  of  the  planes,  the  ribs  are  spaced  4  fett 
Mirt  and  the  fomard  main  beam  is  centered  9  inches  bavk  of 
iding  edge,  while  the  n-ar  beam  is  21  inches  forward  of  the 
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itig  edge  at  its  center.    Owing  to  the  great  difference  in  the  length 
of  the  upper  and  the  lower  planes,  the  interplane  etruts  are  inclined 


CuuTtetjt  if  "Atrvl 


away  from  the  fuselage  to  prevent  an  excessive  overhang,  which  is 
thus  reduced  to  4  feet  on  the  upper  wing  and  3  feet  ow.^IbfcNKw«- 
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selage  struts  are  spaced  5  feet  4  inches  apart,  the  central 
76  feet  5i  inches  from  the  fuselage  struts,  and  the  outer 
7  feet  7J  inches  from  the  central  struts. 
ail   Unit    The  horizontal  stabilizer  has  a  total  area  of  40 
r*    jre  feet  divided  into  two  sections  at  either  side  of  the  body. 
.Measures  14  feet  along  the  rear  spar  and  is  3  feet  6  inches  deep. 
1  elevators  measure  15  feet  5  inches  along  the  trailing  edge  and 
?  2  feet  6  inches  deep,  giving  an  area  of  32  square  feet,  while 
Je  vertical  fin  is  6  feet  long  and  2  feet  6  inches  high  at  the  rudder, 
ving  an  area  of  15  square  feet.    As  is  evident  from  Fig.  15,  a 
alanced  type  of  rudder  is  employed.    This  has  an  area  of  13 
uare  feet,  the  height  at  the  rudder  post  being  5  feet  6  inches, 
while  the  balanced  portion  extends  1  foot  6  inches  forward  of  the 
pivot  and  2  feet  7  inches  to  the  rear  of  it.     Steel  tube  braces 
support  the  horizontal  stabilizer  at  the  forward  edge  w'hile  guys 
from  the  rear  beam  of  the  latter  serve  to  brace  the  rudder  post  and 
/      fin.     Transverse  control  is  by  means  of  ailerons  on  the  upper  main 
planes  only.     These  have  an  area  of  18  square  feet  each. 
/  Fuselage.     The  length   over-all  is  21  feet  2  inches,   while  the 

greatest  width  is  4  feet  at  the  cockpit,  at  which  point  is  also  the 
maximum  depth,  3  feet  7  inches.  The  depth  tapers  forward  to 
2  feet  2  inches  at  the  radiator  and  to  1  foot  at  the  rudder  post. 
The  upper  longerons  are  slightly  over  J  f^>ot  above  the  center  of 
the  propeller  and  are  carried  back  at  the  level  of  the  line  of  flight, 
the  lower  longerons  being  curved  in  forward  and  tapering  back 
from  the  point  at  which  the  rear  beam  of  the  lower  wing  i> 
attached  to  the  fusel ag(\ 

Power  Plant.  The  nuiehine  is  driven  by  an  eight-cylinder 
V  ty|>e  water-cooled  Curtiss  motor  having  a  bore  of  4  inches  by 
a  stroke  of  5  inches  and  rated  at  90  h.p.  It  drives  directlv  a 
propeller  7  feet  9  inches  in  diameter.  The  carbureter  is  placed 
under  the  forward  end  of  the  motor  and  is  braced  to  the  crankca^e 
by  means  of  steel  struts.  It  is  a  Zenith  "double"  type,  that  is, 
with  two  manifold  connections,  each  manifold  supplying  a  group  of 
four  cylinders  independently.  An  auxiliary  air  intake  is  provided 
in  the  manifolds  with  a  hand  control  for  altitude  adjustment,  the 
lower  ends  of  the  manifold  being  water-jacketed.  A  single-spark 
ci/^-h t-<*y linder  magneto  provides  the  ignition. 
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Landing  Gear.  The  landing  gear  consists  of  a  three-whee! 
rliassis  with  a  tread  of  S  feet  4  inches.  The  main  wheels,  2fi  by 
''•  iiicht's,  are  equipi)e(l  with  wpring  shot-k  absorbers,  the  axle  mov- 
ing in  steel  guides.  The  lamling  gear  is  attached  to  the  fuselage 
In-  means  of  tubular  steel  struts,  the  two  forward  pairs  of  which 
are  stream-lined  by  attaching  wood  extensions  to  the  forward 
face  of  the  tubes.  The  front  wheel  is  rigid  and  is  held  at  a  point 
'^  feet  1  inch  forward  of  the  main  wheels  by  steel  tubes  placed 
liorizontiilly.  The  usual  tail  skid  is  attached  to  the  fuselage  at  n 
jiiiiut  2  feet   forward  of  the  rudder  ptwt, 

Continental  Pusher  Biplane.  The  Continental  pusher  biplane. 
Fig.  10,  is  one  of  the  comparatively  few  machines  of  the  pusher 
t>pe  turned  out  in  this  country.  A  pusher  aeroplane  is  one  in 
which  the  propeller  is  back  of  the  planes  and  thrusts  the  machine 
forward  instead  of  pulling  it  as  in  the  tractor  t,\-pe.  It  will  be 
rercalled  that  the  original  Wright  machine  was  a  pusher  biplane 
and  most  of  the  biplanes  built  in  the  three  to  five  years  succeeding 
its  advent  were  similarly  designed,  while  the  French  monoplanes 
were  the  forerunners  of  the  present  traetor  biplanes.  An  unusual 
feature  of  the  machine  described  here  Is  that,  despite  the  reduced 
jtmount  of  leverage  exerted  by  the  tail  unit  owing  to  the  much 
•shorter  distance  intervening  between  it  and  the  main  planes,  as 
i.impared  with  the  ordinary  tractor,  it  flies  with  apparently  the 
-anie  Iialanee  whether  or  not  an  observer  occupies  the  forward 
wKkpit. 

Ptatifx.  The  span  of  the  main  surfaces,  which  are  both  of  the 
me  length,  is  ^tO  feet;  both  the  chord  and  the  gap  are  5  feet 
Uiches;  and  there  is  no  stagger.  The  wings  are  designed  accord- 
i  to  the  U.S.A.  No.  .3  curve  and  are  set  at  an  angle  of  incidence 
Eonly  Ij  degrees,  or  almost  horiKontal.  Xeither  sweep  back  nor 
pe<lml  is  given  the  supporting  surfaces.  Ailerons  are  fitted  to 
■h  the  upper  and  the  lower  wings  and  at  the  point  at  which 
■y  are  hinged  to  the  main  wingti,  the  rear  main  beam  is  bevclefl 
■that  no  space  occurs  between  the  wing  and  the  control  surface, 
diess  of  the  angle  assumed  by  the  aileron  in  laterally  con- 
Mling  the  machine. 

Tail    t')iil.     In   place   of   the   usual   body,    tlie   tail   unit  ia 
nifnint»l  at  the  end  of  a  pair  of  .l-inch  steeV  lubes,  nt  omN 
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the  forward  ends  nf  which  terminate  in  built-up  steel  stmts  oi 
triangular  form.'  These  oiitritcKers  are  10  feet  9  inches  \t>ng,  are 


spaced  12  feet  apart,  and  are  braced  by  extra  heavy  douUe  i^ 
ninninp  to  the  upper  and  Wet  extremities  of  the  It         *• 


TYPKS   OF   AEROPLANES 

struts  placed   between   the  rear  benniM  of  the   Diaiii  wings.     Tlie 

horizontal  .stabilizer,  or  tail  plane,  mea»iire!i  2  feet  in  wn'dtli  and 

is  attnt-hed  to  the  oiitrigjiers  at  its  forwHrd  l>eam,  which  is  0  inches 

H'k  Iff  the  leiulin);  ed^e  of  the  plane.    The  elevators  are  of  the 

Mine  depth  as  the  stabilizer  and  nre  lungeil  with  a  beveled  spar, 

Brhich  leaves  nu  gap  between  the  liinged  snrfat-es  when  operated, 

Us  also  being  true  of  the  rudder.     Both  the  rudder  and  the  verti- 

!bI   fill   have  their  surfaees  spaeal   equally  abo\'e  and  below  the 

enter  line  of  the  horizuntal  stabiliser,  the  rudder  measuring  2  feet 

I  uHdth  by  5  feet  in  height,  which  gives  a  total  surface  of  slightly 

1  than   !(l  s<]uare  feet.     Htream-hiie<l  sheet-steel   control   tillers 

•  used. 

Fjtsehge.    The  fuselage  is  of  the  type  de\eloped  nt  an  early 

in  the  Farman   biplanes  and   u.sually  termeil   a   luu-vlU-,   the 

[option  of  whict  marked  a  long  step  forwani  in  the  reduction  of 

I  resistance  of  an  aeroplane.     In  the  earliest  biplanes,  the  pilot 

■onipletely  iniprotecteil  and  his  Ixxly  added  substantially  to 

drift-priKlucing  surface  of  the  machine  us  a  whole.     The  nacelle 

the   Continental   pusher   measures   12   feet   a   inches   from   the 

jrward  end  of  the  observer's  cockpit  to  tlie  metal  nose  at  the  rear 

addwl  to  give  it  a  true  stream-line  form.     ITiis  nose,  or  c-ap,  is  of 

iihnninnm  and  is  attached  to  the  propeller  so  that  it  revolves  with 

it.     Both  the  observer's  and  the  pilot's  cockpits  arc  further  i 

tected  by  small  but  effective  windshields,  while  the  ob,server's  seat 

is  mounted  on  a  swivel.     The  pilot's  seat  is  hinged  so  that  it  may 

Ik-  raised  to  give  access  to  the  starting  crank  of  the  motor  just 

back  of  it. 

I'mirr  I'hnl.  The  motor  is  a  fonr-cylinder  water-cooled  HcU- 
Siott  rated  at  i;)o  h.p;  at  l.'((Hl  r.p.m.  and  is  employed  to  drive  a 
three-blade  propeller,  though  there  is  ample  space  between  the 
outriggers  to  permit  the  use  of  a  two-blade  propeller  of  larger 
diameter.  The  fuel  supply  of  4.'!  gallons  is  carried  in  two  tanks 
placed  on  either  side  of  the  motor.  From  these  tanks,  the  gasolin< 
is  elevated  by  means  of  a  wind-wheel  operated  gear  pump  to  a 
4-gaIlon  gravity  tank  built  into  the  upper  central  wing  panel  and 
conforming  to  tlie  wing  section.  The  pump  is  located  under  the 
IBcellc.  The  fuel  supply  and  o  gallons  of  oil  are  sufficient  for  a 
Ittht  of  four  hours. 


Landing  Gear.    The  chassis  consists  of  a  pair  of  slo^M 
4  feet  H  inches  apart  carrj'ing  four  wheels,  the  furvrard  pair  t 
uring  20  by  '.i  inches  and  having  a  tread  of  5  feet  while  the  i 
pair  are  26  hy  4  inches  and  are  spaced  '»  feet  *>  inclies.     Both  i 

i  bound  to  the  skid  with  clastic  shock  absorber  cord  while  i 
axles  tlienisches  move  in  sheet-steel  guides.  The  cunrieetions 
of  heavy  gage  steel  plates,  beveled  and  drilled,  while  the  lant 
gear  structure  is  braced  witli  hea\-j'  stranded  cables.  The  i 
ends  of  the  skids  are  curveil  downwanl  and  shod  with  steel  H( 
~  at  their  tips,  so  tliat  when  the  machine  tilts  back  on  them  in  la 
ing,  they  catch  the  ground  and  cheek  tlic  rolling  speed. 

Wi'ight.     The  complete  muchine  weighs  bilMI  pounds  empty 
L'lMX)    p<mnd>    fully    loii.icd.      It  liiis  n  ^iRt-d    nmgc  of  !).■)- 
I>er  hour. 

Curtiss  Tractor.     The  Ciirti.ss  tnictor,  ilhistratetl   in   Figs.  1 
I   IS,  i,   iiifiitifitd   by   its  maniifactiirei-s  as   Model  JNB-J  t 


has  been  largely  used  for  training  purposes  in  this  country.  II 
a  machine  of  this  model  for  which  assembly  details  are  gjveD 
the  text  "Design  and  Construction  of  Aeroplanes". 

Plaiim.    The  spun  iif  the  upper  planS  is  4;i  feet  "i  i 
while  that  of  the  lower  is  ;i;i  feet  llj  inches,  the  chord  being 
tically  .T  feet,  the  gap  -i  feet  2J  inches,  the  stagger  1  foot,  Atid 
total  area  approximately  ^25  square  feet.     The  wing  curve  h 
No.  3(),  the  npi>er  win^  being  built  in  three  sections,  coi 
a  center,  or  engine,   panel   and   two  outer  sections.     Tfacie  t 
dibedrui  angle  of  1  degree  and  the  wings  have  an  anple  of  ii 
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of  2  degrees.    I-beam  section  spruce  beams  are  used  for  the  wing 
construction  with  trailing  edges  of  flattened  steel  tubing  and  pine 


ribs  r^nforced  with  birch  strips.    The  ailerons  each  have  an  area 
of  17.6  square  feet  and  in  cross-section  they  coniona  Vk  *Cgi&  <»^:- 
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tour  of  the  main  panels  from  rear  beam  to  trailing  edge.  Due  to 
the  difference  between  the  span  of  the  upper  and  the  lower  wing, 
there,  is  a  considerable  overhang,  which  is  braced  by  four  masts. 
The  wings  are  covered  with  linen  protected  by  several  coats  of 
waterproofing  '*dope",  which  is  used  on  all  aeroplane  wings. 

Tail    riiit.     The  horizontal  stabilizing  plane  has  an  over-all 
length  of  9  feet  '^  inches  and  a  maximum  depth  of  I]  feet  G  inches, 
giving  it  a  total  area  of  28.7  square  feet.     It  is  of  the  nonlifting 
type  and  is  supported  from  beneath  by  a  pair  of  steel  tube  braces. 
The  elevators  measure  slightly  over   10  feet  along  their  trailing 
edges  and  a  little  less  than  '^  feet  in  depth  and  have  an  area  of 
1 1  square  feet  each.     The  rear  member  of  the  fuselage  is  extended 
upward  to  form  a  support  for  the  triangular  vertical  fin,  which  has 
an  area  of  1^8  square  feet.     Bracing  guys  are  carried  from  the 
upper  edge  of  this  fin  around  the  outer  edges  of  the  horizontal 
stabilizer  and  attached  to  the  fuselage  below.     The  rudder  meas- 
ures approximately  .'>  by  -y  feet  and  has  an  area  of  12  scpiare  ft»et. 
It  is  built  on  a  steel  frame,  consisting  of  the  rudder  post  of  sttt^l 
tubing  to  which  flattened  tubing  is  brazed  to  form  the  trailing  iMlgc. 
Metal  straps  brazed  to  this  tubing  at  intervals  form  supports  to  which 
an*  attached  spruce  ribs  comprising  the  framework  for  the  fabric  cover- 
ing.    It  is  mounted  on  three  hinges  and  is  designed  to  have  a  swing 
of  'M)  degrees  on  either  side  of  the  longitudinal  axis  of  the  fust»lage. 
The  elevators  have  a  similar  radius  of  action  in  a  vertical  plane. 

Power  Plant.  The  motor  is  a  C'urtiss  eight-cylinder  water- 
cooled  V  tyiK'  measuring  4  by  .")  inches  and  designtMl  to  have 
a  normal  speed  of  1400  r.p.ni.,  at  which  its  rating  is  90  h.p.  on  a 
fuel  consumption  of  ().(>  pound  per  brake  horsepower  per  hour. 
Including  the  muffler,  the  complete  motor  weighs  410  pounds 
while  its  fuel  supply,  including  the  weight  of  the  tank  and  piping, 
adds  another  154  pounds.  The  radiator  and  its  connections  when 
filled  with  water  weigh  9(>J  pounds,  while  the  propeller  accounts 
for  25  pounds  of  the  total,  which  is  1890  pounds.  As  the  total 
supporting  area  is  .So9.()9  square  feet  this  gives  a  loading  per  square 
foot  of  supporting  surface  of  7^:20  pounds.  The  loading  per  rated 
horsepower  of  the  motor  is  21  poiuids. 

lAincung  Gear.  The  landing  gear  is  of  the  two-wheeled  V  type 
with  strqfim-lincfl  struts,  having  a  tread  of  5  feet  3}  inches  and 
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ticiiml   pHtti-rn.   while  at  the  outer  interplane  struts  rattan   wmg 
skids  are  fitted.     The  total  weight  of  the  landing  gear,  including 
^Hiese  wing-tip  skids,  is  Hbtiut  10.)  pounds. 

^H^  CotifmU.  Aen)|)luries  deslgnt^l  fur  truinirig  purposes  are  natur- 
^^By  always  built  so  that  they  may  be  controlled  either  from  the 
^■tot'ft  or  the  observers  cockpit— in  training,  the  student's  or  the 
^HMnictor's  seat.     This  partimilar  model  h  equipped,  as  specified. 


I 
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Hntli   Deperdiissin    control  at  both    seats  or   Deperdussin   at   nne 
^eat  and  Curtiss  control  at  the  other  in  the  order  <!esired. 

Standard  Pursuit  Type.  The  Stamlard  pursuit  type.  Figs.  10 
:ind  21),  in  a.  development  of  the  preliminary  training  tractor 
tuiicliinc  built  by  the  same  makers.  It  is  equipped  with  a  17o-h.p. 
^ix-<\vlinder  Hall-Scott  motor,  is  capable  of  climbing  5000  feet  in 
10  mjnutes,  and  has  a  maximum  flying  r^pced  of  9.)  m.p.h.  and  a 
landing  speed  of  48 'm.p.h. 

PlaHf«.  The  \ving  span  on  the  upper  phuic  i'^  42  feet  II) 
inches  and  that  of  the  lower  plane  is  ;)l  feet,  the  choni  of  both 
iieing  Ti  feet.  The  planes  arc  scjt  at  an  angle  of  incidence  of  2\ 
degrees,  have  a  dihedral  of  'A  degrees,  and  are  swept  back  at  the  ends 
'■  (Irgrees.  The  wpper  plane  is  staggeret!  12  inches  fonvard  of  the 
l.'M-ep  Rnd  the  gliding  angle  is  I   tit  H.     The  r.SA."^".*.!  v«k*.w 
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'^&s  been  substituted  for  tlie  R.A.F.  No.  -i  ourve  used  on 

machines.     Including  the  ntlerons,  the  total  Hiipportin;;  surfaoe  j 

K417  square  feet,  of  wliieh  the  upper  wings  represent  2ii8  squi 

rt,  the  lower  l.ifl  square  feet.  «nd  the  ailerons  21   square  fe« 

ich.    Taking  tlie  gross  weight  of  the  machine  with  load  i 

wundg,  this  gi\-es  a  maximum  loading  per  -square  foot  of  support 

{  siirfaw  of  5,75  pounds.    Each  of  the  upper  main  wing  sectioid 

I  20  feet  3  inches  long  and  each  of  the  lower  sections,  14  Set 

;  inches  long.     The  wing  panel   over  the  fu-selage  measures  '. 

niches  in  width,  a  space  of  IJ  inches  Ijeing  left  between  this  para 


.     . 

^m 
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K«nd  the  wing  sections  and  also  between  the  fuselage  and  the  low 
wing  sections.     The  wing  struts  are  provider]  with  ball-and-3{>ck 
Bends  and  fittings  to  give  them  an  even  bearing  at  any  angle  i 
the  stmts. 

Tail  CnH.  In  Fig.  21  are  illustrated  the  details  and  hnicil 
jpf  the  rudder  and  elevators.  From  tip  to  tip,  the  elevators  mea 
[(ire  11   feet  ;t  inches  across  and   are  2  feet  li  inches  wide,  hflvii 

I  area  of  1 1  square  feet  each.  The  rudder  is  2  feet  8  ini 
wide  and  4  feet  II)  inches  high,  and  therefore  has  an  area  of  I 
iquare  feet,  The  triangular  vertical  fin  has  an  area  of  3  f«i 
7  inches  and  reaches  a  height  of  2  feel  9  inches  above  the  horiioi 
tal  stabilizer,  or  tail  plane,  which  measures  10  feet  in  width  aloe 
its  trailing  edge  and  has  a  depth  of  3  feet  1  inch,  reprcsentiiiR  » 

I  area  nf  23.7  feet.     The  system  of  bracing  wires  as  well  as  the  ooo- 
trol  cables  to  the  rudder  and  elevators  are  shown  in  Fig.  21. 
Fusflaije.    The  upper  longerons  are  horizontal  to  the  line  4 
Si^/it  while  the  tower  are  bent  in  a  rontinuou-s  curve  from  the 
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of  the  machine  to  the  tail.    The  fuselage  is  23  feet  6  inches  long, 
while  the  over-all  length  of  the  machine  is  27  feet  2  inches.    At 


CourUty  of  "Amoi  Aire' 


the  point  of  attachment  of  the  planes,  the  maximum  width  is  30 
indies,  while  the  maximum  depth  over  the  cowling  at  the  toii^wA., 
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K-kpit  is  ;;  fcL-t    I  iiiclifs.     M.'tHl  ruwliut!  hu 


motfir  uMfl  forms  the  ciirviHi  tup  of  the  body  us  far  back  an  tlir 
rear  eud  of  the  pilot's  seat.  From  the  latter  point,  tlie  top  i.'uii- 
sists  of  light  strips  of  spruce  mortised  into  formers  curried  on  t 
iipIxT  longerons  and  covered  witli  fabric. 

Poircr  Plant.  The  engine  is  a  Hall-Scott  six-cylinder  i 
water-f(K)led  tyi)e  nieasiiriiig  5J  by  7  inches  and  de\'eIoping  1 
h.p.  iit  14(K1  r.p.m.  The  motor  complete  weighs  605  pnunda,  i 
4.112  pounds  ])er  horsepower.  At  full  speed  the  fuel-tank  capadtjl 
provides  for  a  flight  of  about  four  iind  one-quarter  hours,  as  tW 
Vcasoline  consumption  is  14  gallons  per  hour  and  the  total  furl 
icarried  is  .'iK^  gailoiin,  .'il   gallons  in  the  main  fuel  Umk  and  t 


balance  in  an  auxiliary  tank.     Pour  gallons  of  hihricatinf;  ( 
carried    in   the  crankcase.    The  auxiliar>'    tank    i-'   trmployet 
obtain   a  gravity   feed   to  the  carbureter  as  the   main 
carried  in  the  fuselage  at  too  low  a  point  to  permit  such  i 
A  fan-driven  gear  pump  utilizes  the  driving  force  of  the  tup  a 
it  to  raise  the  gasoline  from  the  main  to  the  gravity  tank. 
of  the   radiator   connections  and   mounting  are   shown   in  i 
drawing  in  eonnection  with  the  desiTiption  of  the  Hall-Sontt  t 
ill    the    text    "Aviation    Motors".     Direct    drive   fn>m  cnpi 
propeller  is  employed.    The  propeller  is  ot  black  walnut,  f 
4  inches  diameter  by  it  feet  (>  inches  pitch,  and  its  dirn 
mtaiion  m  clockwise,     With  its  full  orimplement  of  pilot,  obs 
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kI,  oil,  and  instruments,  the  maximum  loading  is  13.7  p** 
Drsepower. 

Landing  Gear.     With  the  exception  of  the  pneumatic  1 
nding  gear  is  constructed  entirely  of  steel,  the  tread  being  •■ 
t  inches  and  the  tubular  steel  axles  carrying  two  2C>-  by 
heels.    This  axle   is  carried    in   yokes,   stream-lined   with   ; 
uminum  and  under  the  stress  of  landing  is  designed  to  rise  \ 
lily  in  guides. 

Standard  JH-2.    The  StandanI  JU-2  is  a  more  powerful  type  i 
aehine  equipped  with  a  210-h.p.  motor  aitd  capable  of  flying  i 
B  ni.p.h.    As  shown  by  the  head-on  view.  Fig.  22,  the  construe- 
(HI  is  very  similar  to  that  of  the  machine  just  <lescribed  excepti 
lat  both  planes  are  of  the  same  span,  the  ailerons  are  fitted  on  T 
)tli  upper  and  lower  planes,  the  propeller  hub  is  stream-ltnei!,  and 
three-wheel  landing  gear  is  employed. 
Wright-Martin  Tractor.    The  Wright-llartin  tractor,  V\^.  2\i, 

a  ree»nnois.sance  type  of  machine,  tlio  ohscr\er's  coi-kpit  Ix'iii^ 
acol  well  forward  of  the  entering  wwigc  of  the  lower  n-ing>. 

Planes.     The  span  of  the  machine  is  ■";',)  feet  SJ  inclies,  both 
ones  being  the  same  size.     The  wings  iLre  set  at  a  dihedral  angle 

1  degree  4.5  minutes,  ha\e  no  swcej)  back,  an<i  are  stasgi'red 

inches.  The  main  spars  and  the  spars  of  the  leading  e<iges  are  of 
cotton  spruce,  the  trailing  edges  are  of  ash,  and  the  ribs  are 
dlt  up  of  spnice  battens  and  poplar  webs.  The  upper  plane 
n^sts  of  three  sections,  that  is,  engine,  or  center,  piincl  iiiid  the 
o  outboard  panels,  while  the  lower  plane  is  in  two  section,s, 
Ltting  into  either  side  of  the  fuselage.  Kxchisive  of  the  aileron^;, 
e  area  of  the  upper  planes  is  22:1.2  Mjuarc  feet  and  tliat  of  the 
ner  planes  206.8  square  feet,  the  total  supporting  surface  beiiij; 
10  square  feet.  The  loading  is  o.SI)  pounds  per  square  f(K)t  ami 
i.8ti  pounds  per  b.h.p.  The  chord  of  the  wings  is  h  feet  9^  inches, 
e  gap  is  5  feet  7  inches,  and  the  upper  wing  is  mounted  I  foot 
rward  of  the  lower. 

Tail   Unit.    The  horizontal  stabilizer  is  double  (-amherefl  iin<i 

built  on  an  I-beam  spruce  spar  placed  14  inches  to  the  rear  of 
le  leading  edge,  external  bracing  l)eing  eliminated  by  the  use  of 
lis  spar,  which  also  provides  the  necessary  depth  for  the  tlwuH*;.- 
imbered  profile.     Stream-lined  steel   fiibinj;  is  empViveA  W  xVc 
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[Re  feet,  that  of  the  vertical  fin  ts  17.37  square  feet,  and  the  span 
'  the  stabilizer  is  1 1  feet  1 1  inches. 

Fuselage.    With  the  cxt-eption  of  the  motor  mounting,  which 

of  stei'l,  the  fiiseliige  frame  consists  of  ash  and  spruce  longerons 
nd  cross  meml»crs,  which  are  braced  with  vanadium  steel  wire, 
rom  the  trailing  eilge  of  the  planes,  the  body  tapers  back  sharply 
)  a  vertical  knife  edge  serving  a»  a  support  for  the  fin  and  rudder 
■hich  are  hracerl  by  means  of  nickel-steel  tubing  held  in  clevis 
ina  instead  of  the  usual  bracing  wires,  .\ltnninum  is  employed 
>r  covering  the  mottir  and  body  as  far  back  as  the  pilot's  seat, 
le  remainder  of  the  iKwly  covering  being  the  same  as  the  covering  ^ 
r  the  wings,  that  is,  linen  faltric  treuteil  with  "dope"  and  water-  I 
roof  vamiah.    The  length  over  all  is  27  feet  2  inches. 

Ctrntrala.  Transverse  control  is  atfecteil  by  means  of  four 
ilerons  having  a  total  area  of  64.0  square  feet  and  operated  by  ■ 
ouhle  cables,  changes  in  the  direction  of  the  latter  tieing  provided 
)r  by  substantial  chains  passiiig  over  stamped  steel  pulleys.  To 
liminate  lost  motion  as  well  as  the  usual  crossing  and  slacking  of 
lese  cables,  an  inclosed  rocking  shaft  forms  part  of  the  elevator 
jntrol  mechanism  and  is  placed  just  back  of  the  pilot's  seat, 
hile  presse<i  steel  arms  are  fitted  to  all  the  rear  surfaces.  The 
lachine  may  l)e  controlled  from  either  the  pilot's  or  the  observer ',s 
wkpit,  the  Lhi>  (l)eperdussin)  type  of  control  being  employed. 
ontTol  cables  are  remo\'able  by  withdrawing  steel  locking  pins, 
nd  all  adjustments  may  be  made  from  the  cockpit. 

Poicer  Plant.  The  motor  is  a  Simplex  Model  A  Hispano- 
uiza,  developing  lofl  h.p.  at  1450  r.p.ra.  and  directly  driving  an 
ik  propeller,  having  a  diameter  of  8  feet  4  inches  and  a  pitch  of 

feet  "1  inches,  in  a  counter-clockwise  direction,  It  is  water- 
joled'and,  complete  with  radiator,  cooling  water,  propeller,  start- 
ig  handle,  and  other  accessories,  it  weighs  595  pounds.  The 
:snkshaft  passes  through  the  lower  part  of  the  radiator  which 
tfins  the  nose  of  the  body.     The  main  fuel  tanks  are  disposed 

BtudinaUy  just  aft  of  the  pilot's  seat  and  are  secured  to  padded 
oiine  being  supplied   from  these  tanks  by  pressure 
;  tank  at  the  rear  end  of  the  cowl. 

The   landing  gear   consists   of   a   nickel-steel 
e  carrying  a  pair  of  2(i-  by  4-inch  wheels  with  i^wiwrn^'wi 
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outside  stays.     The  elevator  and  rudder  surfaces  are  built  wit 
light  spruce  spar  placed  10  inches  forward  of  the  trailing  edge 


aid  ill  equalizing  the  loud  on  the  ribs,  all  ribs  and  qwrs  I 
Attached  to  tubular  frame  members  by  sheet-steel  socbit 
brazetl    in    place.     The   area  ^^  ^-W  Vvit\'u<.\\\».\  stRbi 


EAn 


TYPES  OF  AEROPLANES  ^^        1^: 

eet,  that  of  the  vertical  fin  is  17.37  square  feet,  aO^  ^^((falk^ 
tabilizer  is  11  feet  11  inches.  jpbm 

elage.    With  the  exception  of  the  motor  mounting,  ^ 
el,  the  fuselage  frame  consists  of  ash  and  spruce  longei^ 
5s  members,  wliich  are  braced  with  vanadium  steel  w^ji 
e  trailing  edge  of  the  planes,  the  body  tapers  back  sharii|i 
:ical  knife  edge  serving  as  a  support  for  the  fin  and  ruddi(ji 
re  braced  by  means  of  nickel-steel  tubing  held  in  devivi 
tead  of  the  usual  bracing  wires.    Aluminum  is  employed^ 
ring  the  motor  and  b(Kiy  as  far  back  as  the  pilot's  seat, 
linder  of  the  b(xly  covering  being  the  same  as  the  covering 
nngs,  that  is,  linen  fabric  treated  with  **dope"  and  water- 
mish.     The  length  over  all  is  27  feet  2  inches. 
trols.    Transverse   control   is   affected   by   means   of   four 
having  a  total  area  of  (>4.()  square  feet  and  operated  by 
ables,  changes  in  the  direction  of  the  latter  being  provided 
ubstantial  chains  passing  over  stamped  steel  pulleys.     To 
3  lost  motion  as  well  as  the  usual  crossing  and  slacking  of 
bles,  an  inclosed  rocking  shaft  forms  part  of  the  elevator 
mechanism  and   is  placed    just   hack   of   the  pilot's  seat, 
essed  steel  arms  are  fitted  to  all  the  rear  surfaces.     The 
may  be  controlled  from  either  the  pilot's  or  the  observer's 
the  Df'p  (I)ei)erdussin)  type  of  control  being  employed, 
cables  are  removable  by  withdrawing  steel  locking  pins, 
idjustments  may  be  made  from  the  cockpit. 
•(?r   Plant.    The  motor  is  a  Simplex  Model  A   Hispano- 
eveloping  150  h.p.  at  1450  r.p.m.  and  directly  driving  an 
seller,  having  a  diameter  of  8  feet  4  inches  and  a  pitch  of 
'i  inches,  in  a  counter-clockwise  direction.    It  is  water- 
nd,  complete  w^ith  radiator,  cooling  water,  propeller,  start- 
die,   and   other  accessories,   it   weighs  595   pounds.    The 
ift  passes  through  the  lower  part  of  the  radiator  which 
le  nose  of  the  body.     The  main  fuel  tanks  are  disposed 
inally  just  aft  of  the  pilot's  seat  and  are  secured  to  padded 
the  gasoline  being  supplied  from  these  tanks  by  pressure 
vity  service  tank  at  the  rear  end  of  the  cowl. 
ding  Gear.     The  landing  gear   consists  of   a  uvekfeV-^l'^ 
xle  Q^rrying  a  pair  of  20-  by  4-inch  wheels  \v\l\\  ptvewvxva.<v: 
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tim  and  having  a  tread  of  5  feet  4  indies,  the  aade  being  attadwd 
.t9  the  fuselage  by  means  of  ash  Y  struts  of  stream-line  section 
combined  with  a  stream-lined  system  of  twin  parallel  spteada 
tubes.  The  struts  are  attached  to  the  body  with  steel  dip  and 
jin  fittings.  At  the  rear  there  b  a  conventional  tail  slddi  the 
weight  of  the  landing  gear  exdusive  of  the  tail  skid  bdng  86 
pounds. 

Weights.  The  weight  of  the  complete  machme  without  fuel 
or  oil  but  including  the  instruments  is  1725  pounds,  while  its 
useful  load  capacity  is  445  pounds,  of  which  330  pounds  are  allowed 
for  the  pilot  and  observer.  A  supply  of  fuel  and  oil  for  a  six 
hours'  flight  at  full  speed  weighs  460  pounds. 

SEAPLANES  AND  FLYINQ  BOATS 
Characteristics.  Seaplanes  and  flying  boats  are  simply  forms 
of  aeroplanes  designed  for  rising  from  and  landing  upon  the  water. 
Tlie  distinction  between  the  two  lies  in  the  form  that  the  landing 
gear  takes.  In  the  case  of  the  seaplane,  hydroplane  floats  are 
simply  substituted  for  the  wheeled  landing  chassis  and  in  a  number 
of  instances  the  construction  is  interchangeable  so  that  the  machine 
may  readily  be  converted  from  one  type  to  the  other  simply  by 
discarding  the  pneumatic-tired  wheels  and  replacing  them  with 
floats,  a  tail  float  taking  the  place  of  the  usual  tail  skid,  while  addi- 
tional floats  are  also  placed  under  the  tips  of  the  lower  wings  to 
keep  them  out  of  the  water. 

In  the  case  of  the  flying  boat,  the  boat  hull  takes  the  place  of 
the  fuselage,  so  that  the  pilot  and  crew  are  accommodated  well 
below  the  level  of  the  lower  wings  instead  of  being  seated  above 
the  latter  as  in  either  the  usual  land  type  or  the  seaplane.  Neither 
the  seaplane  nor  the  flying  boat  is  as  speedy  as  machines  of  similar 
wing  and  power  characteristics  for  land  use,  owing  to  the  greatly 
increased  head  resistance  caused  by  the  floats  or  boat  hull,  though 
their  pilots  have  the  advantage  of  never  being  at  a  loss  to  find  » 
suitable  landing  place  in  case  of  emergency.  A  few  typical  exampte 
of  both  classes  of  machines  are  described  in  the  following  pages. 

Burgess  Scout  Seaplane.  In  its  wing  plan,  the  Burgess  scout 
seaplane.  Figs.  24  and  25,  resembles  the  so-called  "IJ"  type,  such 
as  the  Nieuport,  in  that  the  lower  wings  are  of  so  mudi  shorter 
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^Eitluin  the  upper  timt  it  is  almost  n  monoplane  with  auxiliai^ 
^Ks.    It  is  also  riistinpiiisherf  by  the  elimination  of  iiiterplant 


struts,  their  place  being  taken  by  two  flat  members,  which  are  ^ 
■;illy  extenaiilis  of  the  float  supports.    They  are  \i\e\\t\eA  w\V«mS^."S  J 
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line   with   die   latter  und   have  tlie  usual   wire  l)raciiiK 

inels. 

Planm.    Thf  span  -if  tlie  iip|KT  wiriK  is  :it  tV-el  I  mcUv^.  wlii 

lat  of  the  lower  is  hut  21  feet  0  inches,  the  chord  of  both  l»eil 
3  feet  i\  inches  and  the  gap  4  feet.  Tlie  height  of  the  maol 
over  all  is  10  feet  and  its  length  22  feet .'( inches.  The  npper  pi 
is  in  four  sections  and  has  no  dihedral  or  sweep  hack,  nor  art 
upper  and  lower  planes  staggered.  Each  of  the  central  sections 
the  upper  plane  is  11  feet  long  and  they  are  joined  t>y  u  pair 
metal  plates  at  the  wing  spars.  Ailerons  are  attaoheil  to  the  out 
or  overhanging,  sections,  which  are  .")  feet  10  inches  long.  Ti 
sections  comprise  the  lower  plane,  these  extending  St  feet  4  incli 


at  either  side  of  the  fuselage,  which  is  3(1  inches  wide  at  this  poim 
A  distance  of  8  inches  is  allowed  Ijetween  the  Ica^ling  edge  and  t 
forward  main  spar  while  the  trailing  e<ige  is  14  inches  from  t 
rear  spar.     The  rihs  are  spaced  hut  9  inches. 

The  interplane  stmts  are  K  shape<i.  are  built  up  of  spruce,  a 
are  covered  with  fabric.     In  forming  the  strut,  one  member  r 
from  lielow  the  upper  rear  wing  spar  to  the  top  nf  the  lower  f 
ward   spar,  while  a  similar  meml»er  crosses  this  from  th*  u 
forward  to  the  lower  rear  spar,  thus  forming  an  X.     A  tliird  i 
her  between  the  upper  and  lo^er  forward  spars  transforms  the  ] 
into  a  K,  the  ends  being  filled  in  In  a  curve  with  hiilMim  tt(««t  ■ 
product  e  streani-line  effect. 
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Tail  Unit.  The  horizontal  stabilizer  is  approximately  rec, 
tangiilar  in  form  and  is  constructed  on  two  spars,  the  rear  one  of 
which  has  u.  span  of  U  feet.  Wire  bracts  are  rnn  from  both  the 
inrward  and  the  rear  spars  tii  the  after  end  of  the  vertical  fin  at 
•  top  and  also  from  the  forward  spar  to  the  tail  float  below, 
root  of  the  vertical  tin  is  Imilt  into  the  curved  fuselage  top. 
mall  balancing  portion  is  pn>vided  on  the  rudder,  the  lines  of 
^h  are  a  continuation  of  the  curve  of  the  vertical  fin. 
Power  Plant.  The  power  plant  is  a  Curtiss  eight-L-ylinder 
ater-cooled  motor  developing  100  h.p.  at  14(.)0  r.p.m.,  the  tank 
■iipacity  bt'ing  sufficient  for  a  flight  of  2j  hours  duration.  It 
drives  a  proix-Her  7  feet  9  inches  in  diameter  and  having  a  pitch  of 
3  feet  '■>  inches,  giving  the  machine  a  maximum  speed  of  95  m.p.h. 
and  a  landing  speed  of  50  m.p.h. 

Flouts.    The  main  floats  are  U  feet  long  by  3  feet  wide  and 

have  a  maximum  <leptli  of   17   inches.     They  are  spaced  5  feet 

(i    inches    from    center   to    center,    the    forward    horizontal    strut 

between  the  floiits  being  spaced  2  feet  2  inches  from  the  bow,  and 

the  rear  strut,  which  acts  as  a  shock  absorber,  7  feet  2  inches  from 

^the  bow.     From  the  horizontal  transverse  spacing  memf>er,  struts 

!  carried  to  points  just  aft  of  the  radiator.     The  after  spacing 

mber  is  at  the  lower  termination  of  the  V  struts,  which  run  from 

-•the  fuselage,  and  the  lower  plane  as  a  continuation  of  the  K-shaped 

interplane  .struts.     This  spacing  meml>er  is  attached  to  the  float 

by  rubber  con!  with  metal  guides  to  allow  for  tlie  \'crtieBl  move- 

^jnent  of  the  floats.     The  main  .support  for  the  tail  float  takes  the 

Hferm  of  a  2(>inch  extension  of  tlie  fuselage  termination  which  is 

HPtream-liticd  to  a  width  of  7}  inches.     A  pair  of  struts  2  feet  long 

is  locattxi   15  inches  from  the  bow  of   the  tail  float  and  bracing 

wires  run  from  their  upper  ends  to  the  lower  end  of  the  rear  strut. 

The  dimensions  of  the  tail  float  are,  over-all  lengtli  4  feet  6  inches, 

beam   II  j  inches,  depth   12  inches. 

Curliss  Flying  Boat.    .\  number  of  Curtiss  flying  boats  have 
been  built,  but  one  known  as  the  Model  H-12,  which  was  turned 
mt  a  few  months  prior  to  the  time  this  country  declared  war,  is 
I  to  be  the  largest  craft  of  its  kind  that  had  been  adopted  by 
I  forces  in  this  country.    This  model,  Fig.  26,  is  the  same 
I  numbiT  of  6ying  boats  built  by  the  stime  cotr^wj  \«i 
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ml  are  dirfcl-connocted  tu  prupfllers  ili-sigiittl  tu  net  asl 
'  trarton*.  Between  the  propeller  and  its  motor  in  each  case  is 
pbiced  the  circular  radiator  from  which  the  cooling  water  is  circu- 
lated by  means  of  a  centrifugal  pump.  In  Fig.  2(1,  these  radiators 
have  every  appearance  of  being  flywheels,  but  it  will  be  noted  that 
they  surround  the  forward  end  of  the  crankcase,  so  that  the  pro- 
peller shafts  merely  project  through  them.  The  gasoline  consump- 
tion per  brake  horsepower  hour  is  ()..M  pound  iiiid  that  of  oil. 
O-O;}  pound.    The  weight  of  each   motor  with   its  propeller  but 

Kifiut  oil  or  water  is  090  pounds. 
Hull.  The  boat  itself  is  completely  inclosed  and  is  entered 
ugh  a  hatch  on  the  tiip  at  the  right-hand  side.  Just  forward 
*rf  this  hatch,  which  is  closc<l  and  locke<l  from  the  inside,  is  a 
series  of  celluloid  windows  affonliiig  a  clear  view  in  every  direction. 
Curtiss  "Cruiser".  Designed  for  sporting  ratlier  than  for 
•nilitary  use,  the  design  and  equipment  of  the  Curtisa  "cruiser", 
^"igs.  27  and  28,  afford  an  indication  of  the  trend  that  develop- 


:  undoubtedly  will  take  once  the  war  is  over.  It  is  a  twin- 
flying  boat  of  the  pusher  type  witli  a  speed  range  of 
I  miles  per  hour  and  weighs  over  2  tons  fully  loaded.  The  , 
l^qiiipment  includes  a  Sperry  gyroscope,  searchlight,  marine  running 
lights,  lights  at  the  top  of  each  strut,  and  electric  starters  for  the 
motors.  Current  for  all  these  purposes  is  developed  by  two  small 
(an-driven  generators  located  on  the  inner  end  of  the  outrigger 
which  supports  the  tail  unit.  These  generators  produce  2  amperes 
«t  22  volts  when  driven  at  4000  r.p.m.  and  their  drwmg  ■^To^i^-KTi 
He  located  in  the  slip  atream  of  the  machine's  pTO^Wets  *o  'OivaX 
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hey  get  the  full  benefit  of  the  air  current  set  up  by  the  latter. 
►torage  batteries  having  a  capacity  of  2  ampere  hours  are  floated 
n  the  line  to  absorb  any  excess  current  as  well  as  to  operate  the 
istrument  lights  and  the  trouble-hunting  lamp  when  the  engines       \y 
re  not  running.  ^ 

Planes.  The  machine  has  a  span  of  75  feet  10  inches  on  the 
pper  wing,  the  lower  wings  measuring  but  48  feet.  A  modified 
LA.F.  No.  6  wing  curve  is  employed  set  at  a  dihedral  angle  of 
degree  and  with  an  angle  of  incidence  of  4  degrees.  The  chord  is 
feet  and  the  gap  7  feet  G  inches,  the  total  supp)orting  surface 
eing  853.10  square  feet.  Flat  steel  tubing  is  employed  for  the 
ading  e<lge  of  the  wings,  the  upper  plane  consisting  of  five  sec- 
ons.  The  wnng  beams  are  of  I-section  spruce,  the  compression 
bs  are  of  solid  pine,  and  the  remaining  ribs  are  of  pine,  birch,  and 
>ruce.  Ailerons  are  used  on  the  upper  wings  only  and  measure 
3  feet  3  inches  long  with  a  maximum  width  of  4  feet.  Each  has 
1  area  of  4C.8  square  feet.  To  prevent  side  slipping,  vertical  fins 
re  placed  above  the  outer  pair  o^  struts  on  each  of  the  upper 
ings.    These  fins,  or  keels,  have  an  area  of  12J  square  feet  each. 

The  lower  planes  are  built  in  four  sections,  each  of  the  out- 
oard  sections  measuring  19  feet  in  length.  The  central  sections 
onsist  of  extensions  projecting  3  feet  from  either  side  of  the  hull 
nd  are  built  rigid  enough  to  walk  on.  They  are  covered  with  rubber 
Datting  and  are  designed  to  give  access  to  the  motors.  The  inter- 
)lane  struts  are  stream-lined  sections  of  heavy  spruce,  4|  by  1^ 
Bches,  of  the  same  thickness  throughout,  though  the  supporting 
ftnits  for  the  motors  are  tapered  from  the  ends  toward  the  center. 

Tail  Unit.  The  stabilizing  plane,  the  elevators,  and  the  rudder 
le  carried  on  an  outrigger  supported  at  its  outer  end  by  struts 
ising  from  the  stern  of  the  hull.  The  horizontal  stabilizer  meas- 
res  16  feet  across  its  trailing  edge  and  has  a  chord  of  (>  feet 
inches,  giving  it  an  area  of  63.9  square  feet.  It  is  of  the  non- 
•ting  type,  being  in  the  i^eutral  position  when  the  machine  is 
>rizontal,  and  is  placed  at  the  center  of  propeller  thrust.  The 
jvators  have  an  area  of  49.8  square  feet,  while  the  tail  fin  has  an 
5a  of  34.9  square  feet.  The  rudder  is  of  the  unbalanced  type, 
3  an  area  of  31.2  square  feet,  and  has  a  height  above  the  Kull 
8  feet  9  inches. 
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Ciiiilnil/f.     Wliile  the  liuli  lias  iicL-otJiiwulHtion  fur  fivi-  pt-oplc 

i-wrkpits  are  fiticil  and  tlii-y  Iiave  dual  Oepenlussiii  control 
tile  control  bridge  being  of  the  usual  inverted  U  tjjx;  and  made  ni 
ash.  The  control  wheels  are  16  inches  in  diameter.  One  aii  : 
iiie-quarter  revolutions  of  the  control  wheel  move  the  aileriii- 
through  an  arc  of  60  degrees,  one-half  above  and  one-half  belci 
the  upper  wing  line.  The  rudder  has  equal  range  of  movemein 
bnt  tlirough  the  multiplying  gejir  employed  this  is  reduced  to  jim 
.'  of  4.)  degrees  at  the  nidder  controlling  l>ar. 

Poirrr  Plant.  Two  Turtiss  cighl-rylinder  V  type  wat. 
eo()le<l  l()()-h,p.  motors  drive  S-fcet  .'1-inch  propellers  in  oppo-J;' 
directions.  Both  motors  are  providtil  with  eleelrie  starlcr^i,  th- 
|>inionfl  of  which  engage;  an  IH-inch  gear  whi-el  just  bacj;  of  t*ii 
pnipeller  hub.  though  cranks  are  also  fitted  for  hand  startitik' 
The  latter  protrude  through  the  radiators,  which  measure  2i>  hy  2; 
by  3J  inches  and  are  niuuntetl  :i  inches  forward  of  the  noto 
struts  on  brackets  attached  to  them.  I^ach  radiator  weighs  70 
pounds  and  W>  pounds  of  water  are  carried. 

Hull.  The  hull  has  an  over-all  length  of  34  feet  ii  inches  with 
11  maximum  beam  of  4  feet  just  at  the  leading  e<lge  of  the  planes- 
A  li-inch  step  i^  placed  14  fei-t  I  inch  aft  of  the  forward  perpeniiic- 
ular,  the  center  line  of  the  forward  main  beam  of  the  lower  pbiir 
coming  just  2()  inches  forward  of  the  step.  Ash  framing  and  kwl 
ivith  sides  of  mahogany  and  cedar  and  a  covering  of  canvas  af' 
used  in  the  construction  of  the  hull.  The  cockpit  is  al)out  7  fwl 
long  and  is  divided  into  two  sections.  The  forward  section  o"'- 
tains  scats  for  the  two  pilots  aTid  the  instrument  board,  while  iIk 
after  section  seats  two  passengers,  .^bout  4  feet  farther  aft  i:^ 
another  one-man  cockpit   for  the  accouurmdatioii  of  a  lueehaiiir 

The  wing  floats  are  7  feet  long.  IS  inches  wide,  and  19  inchi 
deep  and  are  built   up  of  ash   frames   internally   braced  by  slwl 
•ire  and  covereil  with  light  veneer.     Their  displacement 
^iter  when  completely  immersed  is  StXt  pounds. 

Inafnimnits.    The  instruments  inclmie  an  aneroid  registei 
up  to  12.()0()  feet,  a  compass  attached  to  and  synchrouirW  with 
drift  indicator,  an  air-speed  indicator,  a  ga.soliuc-supply  gage,  l" 
oil  gages,  a  banking  indicator,  an  angle  of  incidence  indicutor, 
.'in  inclinometer.     In  addition,  there  is  a  chiirt  board  hingvd  to 
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■bU. 


to  be   let  down   mit   uf  ttie   way   when  desired. 


istead  of  duplicating  the  throttle  control  for  gdverning  the  speed 
[  the  motors,  this  is  placed  amidships  just  l)etivefn  the  two  pilots, 
^^Veightn.  The  iiiaehiiie  proper  weighs  2:240. 1  pounds  whUe 
^H>wer  ptunt  tidds  an  additional  11)10..^  pounds;  fuel  and  oil  for 
Ipit  of  five  hours  represent  a  weight  of  620  pounds;  and  the 
right  of  the  electrical  e(|uipment  h  but  7(1  pounds.  Complete 
ith  seats,  instminents.  and  acee.ssories,  the  hull  weighs  S85  pounds. 
he  net  weight  of  the  complete  machine  is  ;S.ir>C  pounds  and  it  is 
tpable  of  carrying  a  useful  load  of  IHKJ  jmunds.  The  loading  per 
inare  font  uf  lifting   surface  is  « pproximately  .)..j  pounds  while 


\ 


Hcliug  iKT  hrakc  liorM'iMnvcr  is  I'l.ll  |)<>iiiiil>.  Tlic  niiicliiiie 
Ispeed  range  of  Vm-AS  miles  per  liuur  i<ii<l  can  climli  2(HHl  IW-t 
(miiiutes. 
tallaudet  Seaplane.  .\s  will  be  noted  in  Fig.  21'.  the  chief 
guishing  feuturc  of  the  (iailauilet  seaplane  is  the  emplojTuent 
bur-blade  proi)eller  aetinj;  as  ji  pusher  in  connection  with  a 
Mriage  design  similar  in  most  respects  t<t  the  tractor  type.  The 
anner  in  which  the  propeller  is  mounted  and  driven  is  iilsn 
For  structural  reasons,  Iwth  the  camber  and  the  angle 
Btlence  of  a  propeller  blade,  by  which  it  develops  useful 
k  vanish  as  the  blade  lai)ers  toward  the  huh.  f'onsequently, 
i  a  coiuiiderable  pro]M>rtion  i>(  cuch  |)roi>eller  blade  which 
jpot  owitribute  to  the  thrust  but  winch  .Iocs  iwW  U.  \W  v\^"\\\. 
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'  of  the  machine  as  a  wliole.  In  the  Gailaudet  design,  this  addition 
to  the  drill  has  been  eUminated  by  honaing  the  structural  parts  of 
the  foui^blade  propeller  in  a  drum,  the  periphery  of  which  coincide," 

I   with  the  section  of  the  body  at  that  point  so  that  only  the  effective 

I  portions  of  the  propeller  blades  revolve  in  the  air  stream.     This  I." 

I  said  to  give  an  increase  In  propeller  efficiency  of  nearly  HI  per  cent. 
A  further  advantage  results  from  this  location  of  the  propeller  Iii 

I  that  the  centers  of  thrust  and  resustance  become  coincident. 

Planes.     Both   wings   are  of  the  same  size,   tlie   span   beiiift 

I  48  feet  with  a  chon)  of  7  feet  and  a  gap  of  7  feet  7  Inches.     Them 

'  is  po  dihedral  angle  but  tlie  planes  are  marked  by  a  pronounceil 

j  sweep  back  and  stagger,  the  fonner  amounting  to  S  degrees  3(1 
minutes,  while  the  latter  brings  the  upper  plane  1  foot  9  inches 
forward  of  the  lower.    The  angle  of  incidence  ia  7  degrees,  whJlf 

I  tlie  ends  of  the  planes  are  raked  at  an  angle  of  'll  degrees.    THc 
1  planes  are  built  in  six  sections,  the  central  sections,  above 

\  and  below  the  fuselage,  having  an  area  of  approximately  25  square 
feet,  while  each  of  the  four  outer  sections  has  an  urea  of  about 

[   square    feet,     .\ilcrons   are   employed    on    lK>th    up|>er   and    lo' 
planes  and  have  a  total  effective  surface  of  .ifi  square  feet, 
center  panel  struts  are  spaced  2  feet  4i  inches  apart  and  the  eenl 
interplane  struts  are  placed  S  feet  8  inches  from  them;  the  distal 
from  the  center  to  the  outer  interplane  struts  is  practically 
same,  leaving  an  overhang  of  .i  feet  2  inches  from  the  center  line 

I  of  the  outer  stniUto  the  outer  tip  of  the  aileron.  The  fore  and 
lift  spacing  of  two  interplane  struts  is  4  feet  4  inches.  The  total 
lifting  area  is /5S  square  feet,  and  the  machine  complete  weigh* 
;i(UH)  puunds  wd  is  capable  of  carrying  a  useful  loaii  of  101)11  poundS' 

Tail    LfliU.    The    horizontal    stabilizer    has    a,    total    area 
slightly  oy^  30  square  feet   dividetl   into  two  equal   sectioiis 

'  either  side /of  the  fuselage.  It  measures  1(1  feet  4  inches  along 
rear  beam'  and  has  a  depth  of  ^^  feet,  the  surface  itself  lieing  set 
a  positive  angle  eipiivalent  to  a  difference  in  height  of  H  iiicl 
between  the  leading  and  trailing  edges.  Owing  tu  the  largir  iudoi 
of  side  surface  presented  by  the  fuselage,  which  tB}KTs  but  slight 
hi  a  vertical  plane  to  the  rear  end,  no  vertical  stabilizing  surfi 
is  employed.  The  ele\'ators  have  a  span  of  12  feet  and  arc  2  fi 
li  inches  wide,  giving  u  totid  urea  of  ii  square  feet.     Kach 
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is  attached  to  the  rear  beam  of  tlie  horiznntal  stabilizer  by  means 
of  four  hinges.  A  balanced  type  nf  rudder  with  its  surface  equally 
disposed  above  and  below  the  fuKelajp?  in  employed.  It  measures 
"i  feet  ill  height  and  has  ii  muxiniuin  width  of  '-i  feet  (i  inches. 
giving  it  a  total  area  of  l^J  square  feet. 

Ftigelage.  The  over-all  length  is  29  feet  0  inches  with  a  niaxi- 
niiim  width  and  depth  lx>tween  the  central  wing  panels  of  :j  feet 
i>  inches.  The  observer  and  the  pilot  are  .seated  in  separate  cock- 
[lits  in  the  nuse  uf  the  fuselage  and,  from  this  point  back  to  the 
tiar  end  of  the  motor  housing,  the  sides  of  the  body  are  flat, 
niMiKling  otf  at  top  and  ijottom.  P'rora  the  tip  of  the  nose  to  the 
li;iding  edge  of  the  propeller  is  Ifl  feet.  Aft  of  the  propeller,  the 
Ii'mIv  tapers  to  n  vertical  chisel  edge  which  forms  the  rudder  post. 

Pnurr  Plant.  Immediately  hack  of  the  pilot  are  installed  two 
Dnesenlwrg  motor^t  (if  the  four-cylinder  vertical  water-cooled  tjpe, 
the  radiators  Ix-ing  placed  ahmg  the  sides  of  the  body  and  flush 
with  it,  as  will  be  noted  in  the  general  view.  These  motors  meaa- 
sure  4j  by  7  inches  and  at  their  normal  rate  of  2KK)  r.p.m.  develop 
l')0  h.p.  They  are  so  arranged  that  either  one  or  both  may  be 
iiswl  to  drive  the  four-blade  pro|)eller  through  spur  reduction  gear- 
ing. The  weight  of  each  motor  unit,  including  its  reduction  gear, 
is  oiKi  fmunds.  The  four-blade  propeller  is  !1  feet  6  inches  in 
diameter  and  is  of  st)ecial  hubless  construction  designed  to  elimi- 
iiitte  the  drift  caused  by  the  inactive  partH  of  the  propeller  blades  of 
the  usual  tjTX-.  Instead  of  four  blades  and  their  supports  center- 
iiij;  in  a  hub.  this  propeller  consists  of  the  usi-fu!  sections  only  of 
fmir  blades  attached  tu  a  uietal  ring,  the  latter  l>eing  driven 
through  an  internal  gear  and  spur  gearing  from  the  motors.  This 
puH'er  plant  gives  the  machine  a  maximum  speed  of  92  m.p.b.  and 
a  landing  speed  of  45  m.p.h.  With  a  total  fljing  weight  of  4600 
pounds,  the  cruising  radius  is  1000  miles.  The  niachme  was 
liesigned  to  comply  with  six-eifications  calling  for  a  maximum  speed 
iif  SS  m.p.h..  but  by  careful  stream-lining  of  every  surface  the 
speed  was  increased  to  the  figure  given. 

Floats.  The  Gallaudet  machine  shows  clearly  the  dill'erence 
iR-tween  tlie  type  known  as  /lyiri'j  Imafs  and  as  si'ai>}aiie«.  This 
J  a  seaplane  in  that  it  is  simply  an  aeroplane  in  which  a  sup- 
ting   plane   and    floats   have    re]>laced   the   nsutd   la.\v\\\\sj,  ^w. 
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f   whereas,  ia  a  flying  boat,  the  fuselage  and  the  landing  gear  la 
oae.    It  muat  not  be  inferred  from  this,  however,  that  a  seaplaa 


is  simply  any  aeroplane  to  which  float-s  are  attached.     The  mam 

{float  ia  25  feet  long  with  a  maximtim  beam  of  3  feet  G  inches  ami 

maximum  depth  at  the  step  of  2  feet  6  inches,  the  step  being 
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Sited  Ui  ffi'l  (i  iiidifs  from  the  forwani  end  iif  the  float,  whieli 
K)t  ill  wivHiKv  of  the  nose  of  the  fuselage  and  8  feet 
forwart!  of  the  upper  plane.  It  is  attaehed  to  the  fuselage  by  a 
pair  of  struts  at  the  forward  end  and  a  single  stmt  at  the  rear, 
while  two  pairi  of  aliort  struts  hold  it  to  the  lower  plane.  Tills 
float  has  a  V  tj'pe  bottom,  tiirtle-baek  deck,  and  two  air  vents 
running  from  the  back  of  the  step  to  the  deck  of  the  float.  It  is 
«Hiipped  with  a  rudder  for  use  when  in  the  water.  The  center 
line  of  buoyancy  is  locatefl  at  a  p<iiiit  1  foot  3  inches  forward  of 
the  step,  while  the  center  line  of  lift  of  the  machine  occurs  1  inch 
back  of  the  buoyancy  line.  In  I-'ig.  ■'ill,  the  water  line  indicated 
represents  a  loading  <if  ;(.')7;i  pounds.  The  wire  bracing  of  both 
the  planes  and  the  floats  has  been  omitted  in  these  drawings  for  the 
sjikc  of  clearness.  The  wing  tips  are  1  foot  'A  inches  wide  and 
liii\'e  a  flat  bottom.  The  main  float,  as  well  as  the  wing-tip  floats, 
is  mrnie  of  mahogany. 

Standard  Twin-Motored  Seaplane,  ^^'llether  equipped  n-ith 
mts  as  a  .seaplane  or  with  a  landing  gear,  the  Standard  twin- 
BBOtored  seaplane,  Fig.  :(1.  is  of  a  size  that  is  commonly  termed  a 
Attle  plane.  It  has  a  total  weight  of  2^  tons  fully  loaded  and,  at 
1  economical  speed,  has  a  cruising  range  of  4W  miles.  The  fuel 
lankt,  (finied  in  the  body,  have  a  capacity  of  I.i4  gallons,  which 
t  the  maximum  speed  of  80  m.p.h.  gives  the  machine  an  endur- 
mce  of  slightly  over  2j  hours  at  full  speed.  The  landing  speed  is 
i  m.p.b. 

Pluytps.    The  span  of  the  upper  plane  is  69  feet  2  inches  and 

lat  of  the  lower  54  feet  1  inch,  the  chord  of  both  planes  and  the 

gap  all  lieing  7  feet.    The  machine  measures  XS  feet  4  inches  over 

all  and  stands  12  feet  5  inches  high.     The  supporting  surface  of 

the   main  planes  is  81fi  square   feet,   this  including  the  ailerons, 

which  are  IG  feet  long  and  have  an  area  of  4:i  square  feet  each. 

Eniey  are  used  on  the  upper  plane  only.     The  wing  curve  of  the 

bpper  plane  is  the  U.A.F.  No.  fi  (Uoyal  .\ircraft  Factory,  Great 

■Britain),  while  that  of  the  lower  is  one  of  the  new  American  stand- 

nrd  curves,  known  as  the  U.S.A.  No.  2. 

The  iipi»er  plane  is  built  in  five  sections,  the  central  section 
measuring  !.i  feet,  each  main  section,  15  feet  6  inches,  atwL  ^!br 
(i\erliangiiig  sections,  each  U  feet  (i  inches.     \  gap  ol  \\^ 
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allowed  between  the  sertions,  The  lower  wings  are  built  in  four 
settions,  the  inner  sei-tions  [irojerting  (5  feet  from  the  fuseltige  uni] 
the  outer  settion»  each  meuituriiig  20  feet,  the  fuselage  being 
■i2  inches  wide  at  the  point  of  attachment  of  the  lower  planes. 
The  area  of  the  upper  wings,  inchidiug  tlie  ailerons,  is  4()7  square 
feet  and  that  of  the  lower,  H49  square  feet.  The  planes  are  set  at 
an  angle  of  incidence  of  o  degrees  and  a  dihedral  of  '-i  degrees, 
while  the  tips  are  raked  at  an  angle  of  10  degrees,  but  there  is  no 
-weep  back  nor  stagger.  Tubular  steel  struts  are  U3e<l  on  either 
■iile  of  the  twin  motors,  forming  a  continuation  of  the  tubular 
structure  supporting  the  machine  on  its  floats,  while  two  jjiiirs  of 
iriterplane  struts  of  stream-lined  spruee  are  used  un  litlier  side 
<jf  these,  with  tubular  braces  running  from  the  sockets  of  the 
thoani  interplane  struts  to  the  overhanging  panels. 

Tai!    [nil.     The   horiitontal   stahihzer   is  approximately   rco- 

;ular  in   plan   and   has  an   area  of  (il^  square  feet,   while  the 

devator  has  an  area  of  32  square  feet,     Tm'o  rudders  are  employed 

and  are  completely  surrounded  by  the  elevator,  in  which  openings 

are  cut  to  allow  for  the  movement  of  the  rudders,  as  will  be  noted 

Fig.  :il.     The  vertical  stabilizing  surface  is  built  in  four  sections, 

aboA-e  and  two  below  the  horizontal  stabilizer,  and  has  a  total 

of  10  scjuare  feet. 

Fitaelage.    The  o\cr-all   length  is  'X\  feet  4   itichcs,   the  body 

ing  a  maximum  width  of  S2  inches  and  a  ma-ximum  height  of 

feet,  the  nose  extending  7  feet  4  inches  forward  of  tlie  centers 

of  tlie  front  wing  struts.    The  observer's  seat  is  thus  brought  well 

forward  of  the  planes  in  a  location  tn  give  an  all  around  range  of 

vision,  while   the   pilot's   cockpit   is  just   below   the  trailing  edge 

of  the   upper   plane,   a  portion   of   the   latter  being  cut  away  at 

this  ])oint  to  permit  a  clear  view   upwiinl  as  well  as  to  facilitate 

to   the  seat.     Two   pairs  of   inverted   V   steel   tul>e   stmts 

iport  the  npjier  plane  above  the  body  and  to  the  apex  of  this 

itructbn  a  sling  is  attached  for  hoisting  the  machine  aboard  a 

lan-of-war.    This  sling  is  shown  in  the  extended  position,  as  in 

hoisting,  Fig.  31,     The  control  is  of  the  single  l)e|wrdussin  type, 

tliough  dual  control  may  be  fitle<l. 

Power  Plani.    The  Standard  machine  is  driven  by  two  HaQr 
»tt  six-cylinder   vertical   water-cooled  motora  urteA  a.1  \W  V-V- 


TYPES  OF  AEROPLANES 


each  at  1350  r.p.m.  Eadi  of  these  motors  wdghs  605  pounds  and 
consumes  30  gallons  of  gasoline  per  hour.  I^ve  gallons  of  oil  are 
carried  in  the  crankcase  of  each  motor.  The  propellers  measure 
8  feet  6  inches  in  diameter  and  are  driven  direct.  Viewed  from 
the  pilot's  seat,  the  left-hand  propeller  rotates  in  a  dockwise 
direction  and  the  right-hand,  in  an  anti-clockwise  direcUon.  Eadi 
motor  unit  is  independent,  a  vertical  radiator  extending  upward 
through  the  upper  plane  being  mounted  directly  over  the  motor, 
and  either  one  of  the  motors  Is  capable  of  propellinfc  the  machine 
alone. 

Floats.  The  twin  floats  are  S  feet  wide,  10  feet  4  inches  Iouk. 
and  2  feet  in  depth,  and  they  are  centered  12  feet  apart,  being 
attached  to  the  body  by  steel  supports  with  a  stream-line  fairinf! 
of  spruce.  A  step  is  placed  5  feet  from  the  after  end  of  each  float. 
A  tail  float  is  attached  to  the  under  side  of  the  after  extremity  of 
the  fuselage. 

MODERN  FOREIGN  BIPLANES 

FRENCH  TYPES 
Farman  Fighting  Types.    The  Farman  Brothers  were  among 
the  pioneers  in  French  a\'iation,  Henri  Farman  winning  several  of 
the  prizes  offered  in  the  first  years  of  aviation  development  with 


his  early  machines.  lie  came  to  this  coimtry  for  one  of  the 
International  meets  but,  being  a  very  con3er\-ative  flyer,  proved  a 
disappointment  to  American  spectators.  From  this  befpnniim,  the 
Fannan  establishment  has  grown  to  a  factory  which  has  5000 
employes  and  which  is  said  to  produce  ten  machines  a  day,  alt  of 
the  parts  being  turned  out  m  the  same  plant. 
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Tjfpe  F.  The  Farinan  Type  F,  Figs.  32  and  33,  weighs  1072 
pounds  and  is  capable  of  carrying  a  useful  load  of  968  pounds  at 
a  maximum  speed  of  105  m.p.h.  It  is  armed  with  a  [lotchkiss 
machine  gun  and  bomb-dropping  apparatus  and  is  equipped  with 
wireless.  With  its  full  load,  it  can  climb  G500  feet  in  eight  minutes. 
The  motor  is  of  the  \'crtical  water-cooled  type  and  is  rated  at 
Ll60  h,p.     A  similar  type  of  the  same   net  weight  is  capable  of 


F«i,i«ii  Fiuhli, 


carrjing  a  load  of  1320  puumls  and  witli   its  220-h,p.  motor  i 
lly  at  a  maximuni  speed  of  120  m.p.h.     It  climbs  l>j(i0  feet  in  six 
minutes. 

Bombing  Typr-n.  The  bombing  t,\pcs  are  heavier  machines 
wfighing  198(1  pounils  and  having  a  useful  load  capacity  of  l.>4() 
(■iiunds.  They  are  also  e(|U!pi>ed  with  22(Mi.p.  motors  and  develop 
;[  maximum  spetil  of  114  m.p.h,,  while  their  climbing  speed  is  the 
.viinc  as  that  of  the  lighter  maeliines  just  mentioned.  The  fuel 
(.■arried  is  sufficient  for  a  Might  of  ten  hours. 

NIeuport  "1^"  Biplane.  (Jenerally  speatcing,  all  aeroplanes  arc 
.livisiblc  into  three  types,  monoplanes,  biplanes,  and  triplanes,  but 
the  war  has  been  responsible  For  the  creation  of  a  subdivision 
falling  between  the  first  two.  This  is  a  biplane  which  partakes  of 
^.■nie  of  tile  charatteristica  of  the  monoplane  in  that  a  very  large 
jjart  of  its  supporting  surface  is  in  the  form  of  a  single  plane,  the 
secuixt  plane  being  very  much  smaller  by  comparison.  Fig.  34.  To 
,  the  I'Vnch  have  applied  the  term  "l\",  t\\e  aiea  o\  \)nc\o'«'eu 
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plane  being  approxiniately  i  that  of  the  upper.  The  design  thW 
evolved  gi\es  a  small  and  very  fast  single-seated  machine  that N 
extremely  "handy".  Owing  to  its  speed  and  the  great  repiilit] 
with  which  it  may  be  maneuvered,  a  light  machine  of  this  typci 
\'ery  difficult  to  hit  when  attacked  either  from  the  ground  or  byi 
enemy  pilot.     Many  of  the  aerial  duels  of  the  war  have  been  tou^^ 
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with  these  ^mall  macliines  and  the  Mingle  fixed  machine  gun  aiB 
has  brought  the  enemy  pilot  .to  grief  quite  as  frequently  as  I 
heavier  amiameiit  of  the  big  fighting  planes,  if  not  more  so. 

Planes.  One  of  the  earliest  of  the  Xieuport  iiuichinr»  of  tl 
type  has  a  span  on  the  upper  wing  of  24  feet  s  inches,  the  hwi 
plane  being  but  "i  inches  shorter.  The  chord  of  the  iip|KT  plul 
however,  is  ;{  feet  1 1  inches  while  that  of  the  lower  is  bill  2  fl 
.>  inches,  so  that  while  the  area  of  the  upper  plane  with  its  ailr 
is  97  square  feet,  that  of  the  lower  is  only  49.'i  square  feet, 
ailerons  each  have  14  square  feet  of  surface.  Both  planes  arc  pil 
a  dihedral,  slightly  less  in  the  lower  than  in  the  upfKT  plane.  Ul 
the  wing  tips  are  swept  back.  As  is  the  case  in  all  higli-.'pM 
machines,  the  angle  of  incidence  is  very  low,  only  I  degrcr  ] 
minutes  on  the  upper  plane  and  it  degrees  on  the  lower.  In  M 
tj"pes  of  the  same  machine,  there  is  less  <lifferencr  betnren  tf 
angles  of  the  planes,  the  upper  being  set  at  an  angle  of  2  depfti 
■iO  minutes,  while  the  lower  is  at  an  angle  of  'i  degrtvs  'Mi  minoW 
in  one  type  and  -  icgwfs  \\\  awoxVw,  \\\\'i  V.\-'   i      ■ 
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practice  employed  !n  the  most  recent  Nieuport  to  be  brought  out. 
Owing  to  the  difference  in  the  chord  of  the  planes,  the  stagger  ih 
disproportionately  large,  this  amounting  to  2  feet  'i  inches.  In 
place  of  the  usual  strut  construction,  the  interplane  struts  are  made 
considerably  wider  tlian  usual  and  are  brought  together  at  a  com- 
mon point  of  support  on  the  lower  plane,  forming  a  V. 

.Vs  shown  in  the  detail  drawing,  Fig.  3-5,  the  ailerons  are 
mounted  on  stec!  tubes  inside  the  ring  and  running  along  the  after 
eilge  of  the  rear  spar  to  the  body.  They  are  opernteil  from  the 
control  lever  by  means  of  cranks,  pull  and  push  rorls,  and  a  crank 
lever.  The  cranks  are  hollowed  out  to  provide  clearance  for  the 
rear  spar,  while  the  upper  plane  lias  slots  cut  in  it  for  the  cranks.  | 
Ball  joints  an-  employed  to  connect  the  pull  rwts  to  the  crank  i 
l.ver. 

Tail  I'liit.     With  the  exception  of  the  fact  that  no  vertical  fin 
is  employed,  the  design  of  the  tjiil  unit  Is  more  or  less  conventional. 
f     The  horizontal  stabilizer  has  an  area  of  11  square  feet,  the  elevators 
^■^ve  14.'>  H(|uare  feet,  and  the  rudder,  which  is  of  the  balanced 
W^pe,  has  but  fi  square  feet.     Most  of  the  surface  of  the  rudder  is 
above  the  upper  line  of  the  body  and  its  proportions  are  unusual, 
the  width  being  greater  than  the  height.     Hudder  and  elevator  con- 
trols are  of  the  usual  types. 

Poirrr  Phut  In  three  types  of  Nieuport  scouts  that  have 
been  turned  out  since  the  beginning  of  the  war,  different  types  of 
motors  have  been  used.  These  are  the  Le  Khone  SO-h,p.  rotary 
uir-ccHdcd,  the  ('lerget  llO-h.p.,  and  the  Le  Rhone  U()-h.p.,  the 
motor  being  entirely  inclosed  in  a  cowl  in  the  later  machines.  The 
inflchine  fitted  with  the  SO-h.p.  engine  has  a  propeller  8  feet  2  inches 
-,,  <Iiametcr  and  climbs  3300  feet  the  first  four  minutes,  (itiffl)  feet 
.  aeveii  minutes,  9900  feet  in  eleven  minutes,  and  i;i,MO  feet  in 
sixteen  minutes, 

IV'fiafUs.  The  complete  machine,  empty,  weighs  760  pounds,  of 
h'  h  the  planes  represent  111  pounds,  the  tail  imit  23.8  pounds, 
'h  tiwtoT  and  bt>dy  complete  .)S;i  pounds,  and  the  landing  gear, 
ts  "'"^  bracing  ^1-  po""*'*.  The  total  weight,  loaded,  is  1210 
^'^  j'g  so  that  tl>e  useful  load  carried  is  451  pounds.  This  con- 
*"*"  ^'^oj  gallons  of  fuel  and  5  gallons  of  oil,  weighing  lOf)  pouods., 
f^f_^i«t  iTG  pounds,  and  the  machine  Run  and  asmKawskra.  \^^ 
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pounds,  ^ving  s  lift  loading  of  the  machine  of  8.3  pounds  per  square 
foot  and  a  power  loading  of  I2.I  pounds  per  horsepower.    The 


small  size  of  the  complete  machine,  18  feet  10  inches  ovei^atl  IriE^'' 
by  8  feet  1  inch  extreme  \ie\(^\,  ma.^  («  teaUzed  fpMn  the  fK* 
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tat  it  may  be  run  under  the  lower  wing  of  one  of  the  big  Caproui 
planes.  Fig.  34  shows  its  small  size  as  compared  with  that  of 
le  men  leaning  against  it. 


ITALIAN   TYPES 
V.  Fighting  Scout.     The  S.  \'.  fighting  scout.  Fig.  36.  is  a 


I 

■e-Mcat  machine  of  the  tractor  type  that  embodies  great  speed 
pdimbing  ability  and  also  some  unusual  features  of  construe- 
ML  When  fiying  near  the  ground,  it  has  a  speed  of  139  m.p.h. 
id  is  reporte<l  to  have  rtacheil  an  altitude  of  24,000  feet.  A 
ight  of  10.000  feet  can  be  reached  ill  eight  minutes.  3250  feet,  in 
nute  forty  m-ihimiIs;  (3500  feet,  in  four  minutes  thirty  seconds, 


(13,000  feet,  iii  twehc  minutes  fift.v  seconds.     It  is  a  very  light 

bigh-powered  machine  armed  with  two  Vickers  machine  guns 

I  to  fire  through  the  propeller  but  they  are  placed  one  at 

r  aide  of  the  engine  instead  of  being  fired  over  the  engine,  as 

ally  the  case  in  tractor  machines. 

Plaiten.    The  machine  has  a  lifting  surface  of  only  2fil  square 

;  upper  plane  having  a  apan  of  30  feet  3^  inches  and  the 

f  plane  being  considerably  shorter.     Instead  of  the  usual  verti- 

prood  struts,  steel  tubing  is  employed,  and  the  struts  them- 

)  arc  inclined  so  as  to  eliminate  the  bracing  cables  ordinarily 

^yed  lij  t«k(?  the  stresses  ]»laccd  upon  the  wings  by  the  lift 

1  landing. 
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P(ywer  Plant.  The  engine  is  a  sixK^lind^vertical  water-ooded 
type,  which  is  nominally  rated  at  100  h.p.  hjVvirhich  has  developed 
220  b.h.p.  at  1600  r.p.m.  on  a  bench  test,  Mfthat  the  machine  has 
available  at  least  200  h.p.  when  at  |^' low  altitude.  Without 
radiator  or  water,  the  weight  of  the  en^^ne  is  564.2  pounds,  or  2.55 
pounds  per  horsepower.  Its  dimensions  are:  bore  5.31  inches  and 
stroke  6.69  inches;  two  carbureters*and  two  magnetos  are  employed. 
At  full  power,  its  fuel  consumption  is  juit^hort  of  100  pounds  per 
hour,  or  7.6  ounces  per  brake  horsepower,  the  consumption  of 
lubricating  oil  being  7.05  pounds  per  hour,  or  0.53  ounce  per  brake 
horsepower.  Fuel  and  oil  sufficient  for  a  flight  of  2\  hours  weigh 
220  pounds.  With  the  pilot  and  the  two  machine  guns,  which 
weigh  approximately  100.  pounds,  the  loading  of  the  machine  is 
7.2  poimds  per  square  foot  of  surface  and  10. 1  pounds  per  brake 
horsepower.  The  same  ty|x*  of  machine  is  also  equipf)ed  with 
either  the  Hispano-Suiza  2()0-h.p.  motor  or  with  the  Spa  l50-h.|). 
motor,  making  it  one  of  the  most  powerful  machines  of  its  size 
in  use. 

S.  V.  A.  Convertible  Single-Seater.  Italian  builders  have  been 
quick  to  take  advantage  of  the  short  cuts  offered  by  standardiw- 
tiou,  the  S.  V.  A.  convertible  single-seater.  Fig.  37,  being  but  one 
model  of  a  line  which  differ  simply  in  weight  and  wing  sprciul,  the 
same  fuselage,  motor,  and  propeller  being  used  in  practically  all  of 
them.  Standardization  has  also  been  carried  further  by  makiiijr 
some  of  the  machines  readily  convertible  into  seaplanes  by  sulv- 
stituting  twin  floats  for  the  landing  gear. 

Planes.  This  machine  is  of  the  fighting  scout  type,  so  that  it 
has  a  small  wing  spread  and  is  driven  by  a  very  powerful  motor, 
giving  it  a  maximum  speed  of  125  m.p.h.,  while  the  landing  speed 
is  but  45  m.p.h.  As  in  all  high-speed  machines,  the  wings  are  set 
at  a  very  small  angle  of  incidence  and  the  trailing  edge  is  flexible. 
which  further  tends  to  flatten  out  the  wing  curve  as  the  speed  of 
the  machine  increases.  The  main  planes  are  in  four  sections,  the 
upper  plane  having  a  span  of  30  feet  2  inches  and  the  lower  a  span 
of  25  feet,  while  the  chord  is  5  feet  5  inches  and  the  gap  varies 
from  4  feet  11  inches  to  5  feet  11  inches  owing  to  the  dihedral 
angle  given  to  the  lower  planes.  The  upper  planes  form  a  flat 
span.    Ailerons  are  used  on  the  upper  wings  only. 


Interplane  struts  are  of  stream-lined  steel  tubing  inclined  in 
the  form  of  V's,  aUachment  to  the  wing  beams  at  the  ends  of 
the  struts  being  by  liieans  of  pins  running  through  the  ends  of  the 


braces  in  a  line  parallel  to  the  direction  of  flight.    Drift  and  anti- 
drift  cables  are  used  in  the  usual  manner,  but  the  bracing  method 
[pploycd  elirainates  the  wire  bracing  cables,  both  the  lift  and  laud- 
r  stresses  being  taken  on  the  struts, 
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Tail  Unit.  An  unusually  small  horizontal  stabilizer,  having 
but  i  the  area  of  the  elevators,  is  employed  and  it  is  set  at  a  nega- 
tive angle,  that  is,  instead  of  lifting  as  usual,  it  depresses.  The 
leading  edge  of  this  plane  is  located  at  the  level  of  the  center  of 
propeller  thrust.  Both  the  vertical  fin  and  rudder  follow  conven- 
tional lines,  though  an  unbalanced  type  of  rudder  is  used.  Its 
weight  is  taken  by  a  cupped  metal  fitting  attached  to  the  under 
side  of  the  end  of  the  fuselage. 

Power  Plant,  The  motor  is  a  six-cylinder  vertical  water- 
cooled  Spa  of  the  type  generally  used  on  Italian  machines.  It 
develops  210  h.p.  at  1600  r.p.m.  and  drives  a  9-foot  propeller  }iav- 
ing  a  pitch  of  6  feet  11  inches.  The  fuel  supply  for  a  three-hour 
flight  weighs  231.5  pounds  and  the  oil  33.06  pounds.  The  machine, 
empty,  weighs  040  kilos,  or  about  1410  pounds,  of  which  the  motor, 
including  the  propeller,  the  fuel  tanks,  and  the  radiator,  weighs 
094.45  pounds,  and  the  aeroplane,  without  its  power  })lant,  weighs 
061.38  pounds.  As  the  fuel  and  oil  supply  weighs  2()4.5  pounds, 
the  load-carrying  capacity  remaining  is  equivalent  to  .308.6  pounds, 
which  consists  of  the  pilot,  machine  gun  and  ammunition,  instru- 
ments, and  the  like.  This  gives  a  loading  of  9  pounds  per  brake 
horsepower.  The  same  machine  is  also  built  in  a  smaller  size  having 
a  span  of  but  24  feet  but  using  the  same  power  plant,  so  that  a 
reduced  angle  of  incidence  and  even  greater  speed  is  attaine<l. 

AUSTRIAN    TYPES 

Austrian  Albatross.  The  machine  shown  in  Fig.  38  is  known 
as  the  Hansa-Brandenburg  and  represents  the  Austrian  version  of 
the  German  Albatross  type.  While  designed  as  a  reconnoissantr 
machine,  neither  its  speed  nor  its  radius  of  action  are  such  as  to 
make  it  particulary  suited  for  this  service.  It  is,  moreover,  char- 
acterized by  a  number  of  features  of  design  that  must  make  it  a 
diflicult  machine  to  handle  in  maneuvering  or  fighting,  though  these 
features  have  gone  unchanged  since  it  first  appeared.  Probably,  it 
is  these  qualities  which  have  made  it  a  comparatively  easy  prey 
for  the  Italian  pilots. 

Planes.  Though  practically  all  the  details  of  construction  and 
particularly  the  fittings  have  been  worked  out  with  a  great  deal 
of  care,  the  ingenuity  that  they  display  is  not  reflected  in  the 
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general  design  and  construction  nf  the  machine  ^s  a  whole.     As 
will  he  noted  from  the  metric  dimeiisinns  given  on  the  diagram. 


the  over-8ll  span  of  the  machine  is  approximately  40  feet,!^  '3oK«$k. 
5-0  (eet,  and  the  o\-er-an  length  slightly  over  ^"i  le«V.    tVw 
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plane  overhangs  the  lower  but  a  short  distance,  while  the  inte^ 
plane  struts  are  inclined  inwardly  instead  of  being  placed  vertically. 
An  excessive  amount  of  stagger  is  given  the  wings  as  will  be  noted 
in  the  side  view,  and  this  is  ^  feature  of  design  that  greatly 
weakens  the  structure.  At  the  junction  of  the  ijving  spars  with  the 
body,  the  latter  is  strengthened  transversely  by  steel  tubes  about 
li  inches  in  diameter.  The  interplane  stmts  are  also  of  steel 
tubing,  stream-lined  with  wootl,  wrapped  with  fabric,  and  ha\iiig 
the  necessary  attachments  at  top  and  bottom  welded  to  them.  Six- 
strand  steel  cable  is  used  for  the  panel  bracing.  To  prevent  exces- 
sive horizontal  strains  on  the  wings  due  to  the  great  amount  of 
stagger  (approximately  1.6  feet),  drift  cables  are  run  from  the  upper 
ends  of  the  two  front  struts  nearest  the  body  and  secured  to  the 
forward  ends  of  the  longerons.  To  further  the  same  purp)ose,  the 
two  forwgrd  lift  wires  next  to  the  IhmIv  are  secured  to  the  end  of 
the  upjxT  forward  struts  of  the  chassis  of  the  landing  gear. 

Both  upper  and  lower  wings  are  braced  l)y  compression  mem- 
bers of  steel  tubing  as  well  as  by  bracing  cables  and  wires,  while 
they  are  secured  to  the  body  with  a  cabane  of  steel  tubing.  The 
engine  C()U})le  is  provided  for  by  varying  the  angle  of  incidence  of 
the  wings  on  either  side  so  that  the  wings  are  j)erfectly  symmetrical 
with  regard  to  the  axis  of  the  machine. 

Tail  Vnif.  Both  the  horizontal  stabilizer  and  the  vertical  fin, 
as  well  as  the  rudder,  are  built  up  on  frames  of  steel  tubing. 
While  neitlier  the  fin  nor  tlie  rudder  has  dimensions  out  of  the 
ordinary,  the  fin  having  slightly  over  10  square  feet  of  surface,  the 
horizontal  stabilizer  is  very  large.  As  will  be  noted  in  the  plan 
view  of  the  machine,  Fig.  3S,  it  extends  practically  one-half  the 
length  of  the  body  from  the  rudder  })ost  to  the  gunner's  seat  and 
it  has  an  area  of  over  40  scjuare  feet. 

Power  Plant.  The  motor  is  a  six-(\vlindcr  vertical  water- 
cooled  Warskalowski  rated  at  200  h.p.  It  stands  so  high  that, 
with  the  additional  obstruction  of  the  radiator  placed  directly  over 
it,  the  pilot's  view  aheiul  is  interfered  with  considerably.  The  main 
fuel  tank  serves  as  the  pilot's  seat,  while  an  emergency  tank  is 
carried  on  the  upper  wing. 

Landing  Gear.  Wood-filled  steel  tubing  is  employed  for  the 
construction  of  a  V  type  chassis  of  conventional  design,  strongly 
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braced  with  cables.  In  some  machines  of  this  make,  the  elastic 
support  of  the  asic  as  well  as  that  <if  the  tail  skid  Is  replaced  by  a 
helioal  steel  spring.  To  retard  the  speed  of  the  machine  on  the 
ground,  a  sprag  is  fitted  to  the_  axle. 

Hansa-Brandenburg  Battle  Plane.  The  Han.'wi-Brandenburg 
battle  plane.  Fig.  .39,  is  of  Austrian  design  and  manufacture  turned 
out  by  the  makers  of  many  of  the  German  seaplanes.  The  design 
is  largely  along  the  same  lines  as  the  German  Albatross  machine. 
A  number  have  been  captured  on  the  Italian  front  and.  as  the 
dimensions  indicate,  they  are  among  the  largest  and  most  powerful 
machines  used  by  the  enemy. 

Plarien.  The  span  of  the  upper  plane  is  approximately  47.25 
feet  and  that  of  the  loner  38..J  feet,  and  the  chord  and  the  gap  are 
each  5. .58  feet,  giving  a  lifting  surface  fur  the  main  planes  of  4S0.2 
square  feet,  these  figures  being  simply  the  approximate  equivalents 
of  the  metric  dimensions.  The  planes  are  each  ma<le  in  two 
sections,  those  of  the  upper  being  joined  at  the  top  of  a  cabane 
formed  of  steel  tubing,  the  lower  ends  of  which  terniinate  in 
fittings  attached  to  the  upper  longerons  of  the  fuselage.  Ailerons 
jire  attached  to  subsidiary  steel  spars  (tubing),  which  in  turn  are 
attached  to  the  rear  beams  of  the  main  wing.  These  are  con- 
.structed  by  having  the  beams  (wood)  parted  in  a  vertical  plane, 
hollowed  out,  and  mortised  ti^ther  again  with  hardwood  strips. 
Steel  tubing  is  used  for  the  interplanc  struts  and  they  are  staggered 
outward  at  their  lower  ends,  as  w^ll  be  noted  in  Fig.  .39.  Hollow 
wood  strips  are  bound  to  the  rear  edges  of  the  steel  struts  to  give 
them  a  stream-line  form. 

Tail    Unit.     \  one-piece  horizontal  stabilizer  with  a  broadly 
rounded  leading  edge  is  built  up  on  a  steel  tube  frame  and  rein- 
forced by  cross  tubing  of  lighter  secti()n.     It  lias  an  area  of  about 
^^^•5  square  feet  and  is  supported  from  below  by  a  pair  of  steel 
^^■bes  with  a  turnbuckte  adjustment  to  permit  leveling  the  .stabilizer 
^^Htface,  these   tultes  being  attached   to   the   lower  beams  of  the 
^tuselage  at  their  lower  ends  a  short  distance  back  of  the  forward 
etlge  of  the  stabilizer.    This  construction  is  clearly  shown   in  the 
plan   view.  Fig.  39.    The  elevators  measure   11.5   feet   along  the 

Kling  edge  and  have  a  maximum  width  of  2.2  feet,  ^vin%  iW^sv 
approximate  area  of  23  square  feet.    S\\eeXriaeV»^  Vwwps.  ax 
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Holdered  to  the  tubes  of  the  stabilizer  and  the  elevator  flap,  fiber 
blocks  between  the  tubes  serving  to  space  them  and  take  the  frio- 
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tion  of  the  movement  of  the  elevator.      A  balanced  type  of  rudder 
is  employed  and  steel  tub\ng  w  vjiSied  to  frame  it  as  well  aa  sup- 
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port  the  triangular  vertical  fiii.  Apart  from  the  fluted  edge  given 
the  rudder,  the  construction  of  these  two  essentials  is  along  familiar 
lines.  Exclusive  of  the  balanced  portion,  the  rudder  has  an  approxi- 
mate area  of  8.6  square  feet. 

Potcer  Plant.  The  machine  is  driven  by  a  Warskalowski  six- 
cylinder  vertical  water-cooled  motor  rated  at  200  h.p.,  the  radiator 
being  mounted  above  the  motor  and  just  forrvard  of  the  upper  plane. 
It  serves  to  dri\e  a  propeller  measuring  slightly  over  9  feet  in  diameter. 

Ago  Pursuit-Type  Flying  Boat  The  Ago  pursuit-type  flying 
boat  is  an  Austrian  machine  of  which  the  Italians  have  captured  a 
number.  It  is  distinguished  by  a  radically  different  type  of  con- 
struction in  that  the  usual  interplane  struts  have  been  replaced  by 
ii  spider-shaped  member  composed  of  steel  tubes,  the  details  of 
which  are  shown  in  Fig.  40. 

Pluries.  The  upper  plane  has  a  span  of  8  meters,  or  26.24 
feet,  while  that  of  the  lower  jilane  is  7.38  meters;  the  chord  of 
Itoth  planes  is  1.5  meters  and  the  gap  is  1.65  meters.  Instead  of 
the  usual  wing  panels  formed  by  interplane  struts,  each  half  of  the 
wing  ooiistruction  is  supported  by  the  steel  constriictiun  aireadj' 
mentioned,  the  tubes  beiiig  stream-lined  with  wwkI  fairing  of  almost 
paper  thinness.  The  ailerons  on  the  upper  plane  are  1.40  meters 
long  by  0.40  meter  wide. 

Tail  Unit.  With  the  exception  of  the  use  of  laminated  wood 
for  the  vertical  tail  fin,  through  which  the  control  cables  for  the 
rudder  and  the  elevators  run,  the  design  of  the  empennage  (tail 
unit)  is  conventional.  Steel  tubing  is  employed  for  bracing  the 
elevators  and  the  rudder,  and  the  former  are  placed  well  up  on 
the  rudder  to  keep  them  out  of  the  water. 

Power  Plartt.  The  power  plant  consists  of  a  six-cylinder  ver- 
tical water-cooled  Warskalowski  motor  rated  at  218  h.p.  It  is 
supported  close  to  the  upper  plane  on  a  steel  tube  construction 
and  drives  a  propeller  2.72  meters,  or  8.92  feet,  in  diameter  located 
lit  the  rear,  as  the  machine  is  a  pusher  type  biplane.  The  pitch  of 
the  propeller  is  2.25  meters,  or  7.38  feet.  The  motor  weighs  314 
kilos,  or  691  pounds,  and  develops  its  rated  power  at  1400  r.p.m. 
In  a^idition  to  its  ignition  magnetos,  it  is  equipped  with  the  usual 
-[nail   starting  nuigneto   characteristic   of  the   large   German   and 
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BvlL  The  hull  measures  6.S  meters  in  length  with  a  mui 
mum  vidth  of  one  meter,  the  step  being  located  3.45  meters  btm 
the  bow,  at  whidi  point  the  hull  is  0.95  meter  wide,  the  hei^  o 


the  step  being  0.16  meter.  The  wing  floats  are  spaced  5  mete 
apart  and  are  attached  to  the  lower  plane  by  means  of  one  fc 
ward  and-two  rear  struts  braced  by  cross  wires.  Both  the  hull  ai 
the  Ming  floats  are  of  good  stream-line  form. 
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OERMAN  TYPES 
A. E.G.  Bombing  Plane.  With  sftnie  few  differences,  such  as 
the  fact  that  the  Gotha  i^  a  puHlier  type,  whereas  the  A. E.G. 
twin-motore<l  bombing  plane,  Fig.  4 1 ,  is  a  tractor,  the  latter  machine 
is  designeti  along  essentially  the  same  Hnes  as  the  (lotha.  which  has 
been  developed  by  tlie  Germans  esiiecially  for  bombing  service, 
IHiiibtJess,  machines  of  both  these  types  have  been  employed  in 
ihc  air  raids  on  London.  The  name  "A.E.G,  "  is  taken  from  thu 
initials  of  the  builders,  the  Allgemeine  Eleetrizitfits  Geschaft,  or 
General  Electric  f'ompany. 

Planes.  The  spread  of  tlie  machine  is  .'»"  feet,  l»oth  planes 
tx-ing  of  the  same  length.  They  have  a  ehoni  of  7  feet  and  a  gap 
of  S  hfX  0  inches,  the  supporting  area  being  in  excess  of  S(K)  square 
feet.  The  ailenins,  Htted  to  the  npjxT  planes  only,  are  of  a  j>ecu- 
liiir  sha[»e.  the  Iniiling  edge  l>eing  curved  inward  considerably  for 
ulMlnl  tlircc-fourths  of  its  length  niid  the  ailenin  itself  Iwiiig  carrieil 
beyond  the  end  of  the  wing  and  given  a  projection  extending  forward 
ulong  the  (inter  eiige  of  the  wing  for  u  frM)t  or  so^probuWy  to  act 
iis  H  balancer.  Tn  operate  the  aileron,  a  crank  lever  working  in  a 
slot  in  the  plane  is  employe<l — an  arrangement  that  also  char- 
acterises the  Albatross  biplanes. 

The  wings  have  u  sweep  back  of  ."j  degrees  ujiil  a  iironoLiiicefl 
diheilral  whieh  is  apparently  greater  in  the  lower  than  in  the  upper 
wing.  With  the  e.vceplion  of  the  ribs  of  the  main  planes,  steel  is 
used  almost  entirely  in  the  oonatrnction.  Even  the  main  spars  of 
the  planes  are  steel  tnbes,  although  a  tube  is  the  least  suitable 
section  that  could  be  employed  in  these  members.  The  longerons  of 
the  fuselage  as  well  as  the  struts  and  cross  members  are  all  steel 
tubes,  joined  by  being  welded  together  and  by  triangular  pieces  of 
sheet  steel   being  welded   in  the  angles  formed   by  the  joints  to 

^^tifTen  them.     These  triangles   also  pro\nde  an  anchorage   for  the 

^boss-bracing  wires, 

^B      Tail    Vnil.    The  horizontal  stabilizer,   which   is  of  triangular 

^^brtn.  has  an  area  of  30  square  feet,  while  the  ele\-ators  have  a 
span  of  12  feet  and  a  surface  of  25  square  feet.  The  rudder  is 
rt  feet  0  inclies  high  and  has  an  area  of  17  square  feet,  both  the 
rudder  and  the  elevators  being  provided  with  balancing  sectiotte  t» 
ri-'liice   the   amoiuit  of  efTort   requirwl    tu   cipenrtv   \)(\*fHv  \in    *&« 
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controls.  In  a  niaeliine  of  this  size,  the  balaiichig  of  working  surfaces 
13  essential  to  prevent  placing  too  great  a  strain  on  the  control 
cables  and  connections. 

Fuselage  and  Loading.  The  machine  is  designed  to  carry  four 
men,  one  of  whom  is  seated  in  an  individual  cockpit  right  at  the 
nose  of  the  fuselage.  This  is  the  bomber  who  obtains  a  view  of 
the  ground  below  throngh  a  circular  opening  in  the  floor.  At  his 
right  there  is  a  rack  for  holding  small  caliber  bombs,  while  under 
the  center  of  the  bo<ly  there  is  another  bomb  rack  for  carrying  the 
heavier  bombs.  Near  the  inner  ends  of  the  lower  planes  still  other 
racks  are  providnl  for  carrying  an  additional  supply  of  bombs. 
though  it  seems  that  the  greater  part  of  the  ammunition  is  not 
rarricd  in  this  way  but  inside  the  body. 

In  the  center  of  the  cockpit  there  are  two  seats,  side  by  side, 
for  a  pilot  and  an  observer  or  possibly  for  two  pilot  gunner.1,  one 
relieving  the  other  at  the  controls  during  a  long  flight.  Although 
placed  side  by  side,  the  two  seats  do  not  extend  the  full  width  of 
the  body  but  are  placed  a  httle  to  the  left  of  the  center  hne, 
leaving  room  on  the  right-hand  side  for  a  rack  capable  of  holding 
ten  to  twelve  large  bombs.  Behind  the  pilot's  cockpit  is  another 
seat  for  a  gunner  who  operates  a  machine  gim  mounted  on  a  turn- 
table, which  enables  the  gunner  to  fire  to  either  side  as  well  as  to 
the  rear  and  upward.  On  the  left-hand  side  of  the  gtmner's  cockpit 
there  is  another  bomb  rack  of  about  the  same  capacity  as  that  in  the 
pilot's  cockpit.  In  the  floor  of  the  bay  to  the  rear  of  the  gunner's 
cockpit  there  is  a  trap  door  hinged  along  its  rear  edge.  ViTien 
this  is  held  open  by  its  catch,  the  fire  of  the  gun  may  be  directed 
in  a  downwani  as  well  as  in  a  rearward  direction.  To  do  this,  the 
machine  gun  is  lifted  from  the  turntable  and  set  on  a  small  gun 
pivot  mounted  on  the  floor  of  the  body. 

Power  Plant.  Two  Bix-cyltnder  vertical  water-cooled  engines 
of  the  Mercedes  tjpe,  capable  of  developing  260  h.p.  each,  are 
suspended  between  the  main  planes  on  either  side  of  the  body. 
The  radialoi'S  are  mounted  on  the  forward  ends  of  housings  which 
<»inplttely  inclose  the  motors.  In  addition  to  the  radiators,  these 
housings  also  inclose  small  fuel  tanks  which  are  supplied  by  means 
I  pump  fnjm  the  main  fuel  tank.  The  latter  is  placed  in  ttve. 
fet's  cockpit  and  forms  the  support  for  tW  two  sea\s.   "CVeVwas? 
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wheel  landing  gear  is  so  designed  that  each  outside  wheel  oHnes 
directly  under  one  of  the  motors.  In  spite  of  the  great  amount  of 
power,  the  speed  of  the  machine  is  not  estimated  to  exceed  90 
m.p.h.  in  view  of  the  unusually  large  head  resistance  involved  in 
its  design. 

Aviatik.  The  Aviatik,  Fig.  42,  is  one  type  of  machine  which 
has  been  used  to  a  large  extent  by  the  Germans  for  their 
bombing  raids.  It  is  equipped  with  two  bomb-launching  tubes 
having  a  diameter  of  8J  inches  and  placed  at  either  side  of  the 
body  forward  of  the  pilot's  seat.  The  bombs  are  released  from 
these  tubes  by  means  of  spring  triggers  operated  by  pulling  a 
lanyard  held  by  the  observer.  In  addition  to  the  bomb-dropping 
tubes,  the  machine  is  also  equipped  with  two  machine  guns  mounted 
on  tubes  which  are  brazed  to  the  fuselage  and  which  curve  upwanl 
and  outward  from  it  so  that  the  guns  have  an  effective  range  of 
fire  in  practically  every  direction  exclusive  of  the  zone  traversed  by 
the  propeller. 

Planes,  The  wing  span  is  40  feet  8  inches  for  the  upper  plane 
and  85  feet  5  inches  for  the  lower  plane,  the  chord  is  6  feet  1  inch, 
the  gap  is  0  feet  4  inches,  and  the  total  supporting  surface  aggre- 
gates 430.5()  square  feet.  Of  this  area,  the  ailerons,  which  are  fitted 
to  the  upper  wing  only,  comprise  17.22  square  feet.  With  theexce|> 
tion  of  a  slight  sweep  back,  approximately  1  degree  10  minutes, 
and  the  recess  in  the  upper  wing  just  over  the  observer \s  seat,  the 
planes  are  practically  rectangular.  They  are  set  at  a  dihedral  of 
about  I  degree  and  their  angle  of  incidence  is  4  degrees  l\H  miiuites. 

Tail  Unit.  The  machine  has  what  is  termed  a  longitudinal 
dihedral,  that  is,  the  rear  horizontal  stabilizing  plane  is  set  an  angle 
of  incidence  of  —58  minutes  to  the  wings.  The  area  of  this  stabil- 
izing plane  inchnling  that  portion  of  the  Ixxly  embraced  by  it  is 
llo.o2  square  feet.  Compared  with  this,  the  vertical  fin  is  very 
small,  having  an  area  of  but  little  over  8  square  feet,  which  fact  is 
<l()ubtless  accounted  for  by  the  great  amount  of  vertical  surfact* 
presented  by  the  sides  of  the  fuselage.  Two  semioval  siirfact\< 
form  the  elevators,  which  have  an  area  of  12.07  square  feet.  Steel 
tubing  is  employed  for  framing  all  the  surfaces  of  .the  tail  unit, 
but  it  is  supplemented  by  wood  ribs  in  the  stabilizer.  The  rudder 
is  of  the  balanced  type  and  has  an  area  of  6.45  square  feet. 


L-  t-iigitie  supports  us  well  us  tlie  forwiinl  ciuls  of  the  uthi-r  twu 
lonfteroHH  are  of  ash  iiiid  arc  fabrip-wrftVV»A  as  \w  X-toj^  -as. 
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the  rear  end  of  the  after  seat.  From  that  point  on  they  are  of 
pine  and  are  not  covered  with  fabric.  The  top  of  the  body  is 
inclosed  by  arched  aluminum  plates.  Controls  of  the  Deperdussin 
type,  with  the  control  cables  passing  inside  the  lower  planes, 
are  used. 

Power  Plant.  A  Mercedes  six-cylinder  vertical  water-cooled 
motor  drives  a  two-blade  propeller  direct.  The  radiator  is  placed 
just  over  the  motor  and  a  special  extension  is  attached  to  the 
exhaust  manifold  to  discharge  the  exhaust  gases  above  the  upper 
plane.  The  motor  dimensions  are  140  millimeters  bore  by  l(i() 
millimeters  stroke,  or  about  b\  by  6|  inches.  At  1300  r.p.m.  it 
is  estimated  that  this  motor  develops  about  170  h.p.  With  the 
propeller  but  without  oil  or  water,  it  weighs  715  pounds.  The 
necessary  cooling  water  weighs  55  pounds,  while  the  fuel  for  a 
flight  of  four  aiid  one-half  hours  duration  adds  418  pounds.  The 
weight  of  the  complete  machine,  empty,  is  1831  pounds  and  that  of 
its  useful  load  908  pounds.  It  is  said  to  have  a  speed  range  at 
sea  level  of  82-49  m.p.h. 

German  pilots  claimed  to  have  succeeded  in  climbing  15,570 
feet  with  an  observer  and  18|  gallons  of  fuel  in  the  tanks,  though 
the  recognized  maximum  climb  for  tliis  type  of  machine  is  approxi- 
mately 11, 5(H)  feet  with  a  useful  loacl  of  750  pounds.  Aviatik 
machines  captured  by  the  French  and  subjected  to  tests  showe<l 
horizontal  speeds  of  79  m.p.h.  at  KKM)  meters,  74i  m.p.h.  at  200<) 
meters,  and  ()()  m.p.h.  at  3000  meters,  while  their  climbing  ability 
was  500  meters  in  A\  minutes,  1000  meters,  in  92  minutes,  2(M)0 
meters  in  2\\  miimtes,  and  3(KK)  meters  in  47J  minutes.  The 
machine  des(Til)e<l  here  is  similar  to  both  the  Uumpler  and  the 
Albatross  biplanes  and  is  one  of  the  earlier  models.  I^ter  nKxlcK 
of  practically  the  same  construction  and  design  were  fitteti  with 
much  more  powerful  motors,  such  as  the  Benz  and  Merct^le^ 
which  develop  220  h.p.  They  differed  only  in  their  dimensions  and 
chiefly  in  the  bore  so  as  to  adapt  them  to  the  same  engine  beds. 
These  higher-powere<i  machines  are  said  to  l>e  capable  of  develoj)- 
ing  a  speed  of  93  m.p.h.  at  an  altitude  of  20(K)  meters. 

Albatross  Chaser  Biplane.  During  the  first  two  years  of  the 
war,  the  Albatross  Bu  biplane  was  one  of  the  types  used  in  the 
greatest  numbers  by  the  Germans.     The  machine  shown  in  Fig.  4.') 


is  one  of  the  later  imxlels  oaptureti  imd  its  dfsign  indiratt^s  a  num- 
Ikt  t>r  (lepurtiires  from  tlmse  tnki'ii  at  hd  <iirlier  Hate,  the  moat 
noticeable  of  which  are  the  arrangement  of  the  planes  and  the  use 


of  a  monoamine  (fireiihii 


ingle-cell,  or  unit-hull,  type)   fiiselaf^e 


'Built  up  entirely  of  wood  without  any  wirt'  bracing,  Tlie  following 
notes  on  its  design  and  dimensions  are  taken  from  a  description, 
published  in  Flight,  of  one  of  these  machines  captured  by  the  British. 
Planes.  Contrary  to  the  usual  German  practice,  the  ta^  \.W« 
is  built  as  a  single  complete  unit  without  any  AWeAxaX.  w«t\*  a.-s^ 
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sweep  back  given  the  wings.  The  wing  curve  is  similar  to  the 
Albatross  C-III  but  has  a  flatter  camber,  while  the  angle  of  inci- 
dence ranges  from  5  degrees  3  minutes  at  the  center  to  4  degrees 
at  the  left-hand  wing  tip  and  2  degrees  at  the  right-hand  tip.  As 
in  some  of  the  other  German  biplanes,  the  stagger  is  made  adjust- 
able by  moving  the  wing  along  the  top  of  the  cabane.  In  each 
end  of  the  upper  horizontal  tube  of  the  cabane  a  slot  is  formed  to 
take  an  eyebolt  passing  through  the  main  spar  of  the  wing.  At 
each  slot  there  are  five  holes  passing  horizontally  through  the  tube, 
any  one  of  which,  according  to  the  adjustment  desired,  may  be  use*) 
to  receive  the  bolt  that  locks  the  eyebolt  in  the  cabane. 

In  order  to  maintain  the  correct  gap  for  each   adjustment 
of  the  stagger,  the  lower  ends   of  the   interplane  struts  and  the 
c»abane  struts  can  be  made  to  correspond  at  their  attachment  to  the 
planes  aiul  the  fuschi^e,  resjx»ctively,  by  means  of  a  screw  adjust- 
ment on  the  en<ls  of  the  struts.     But  one  pair  of  interplane  strut> 
is  employed  on  either  side  of  the  fuselage,  Fig.  4.'i.     These  strut- 
are  of  stream-lined  steel  tubing.    As  in  previous  Albatross  machines, 
the  main  spars  of  the  wings  are  placed  well  forward,  the  front  one 
being  about  4  inches  from  the  leading  edge,  while  the  rear  one  i> 
2  feet  TJ   inches  from  the  trailing  edge.     They  are  of  the  usual 
Albatross  rectangular  section,  are    fabric-bound,  and    are    bevelcti 
off  on  the  top  at  the  extremities.     The  ribs  are  built  up  of  slotte<l- 
out  webs  and   rather   narrow   flanges  and   are  spaced    1(>J   inches 
apart  in  the  upper  wing  and  loj  inches  in  the  lower,  except  when* 
the  interplane  struts  are  attached,  at  which  points  the  ribs  are 
<lisplaced   by  a  tubular  steel  compression   member.     Between  the 
leading  edge*  and  the  front  spar  the  upper  surface  of  the  plane  is 
stiffened  by  a  false  rib  between  each  of  the  ribs  proper. 

The  lower  plane  is  attached  to  an  abutment  built  out  from  the 
fuselage  and  flush  with  the  side  of  the  latter.  The  mounting  con- 
sists of  a  bayonet  socket  joint,  access  to  which  is  obtained  by 
means  of  doors  on  the  under  side  of  the  plane.  As  on  other 
Albatross  machines,  the  ailerons  are  given  a  "wash-out*'  at  the  tips 
and  have  oj^erating  cranks  working  in  slots  in  the  plane.  They 
are  hinged  on  auxiliary  spars  on  the  upjxT  plane  only.  The  span 
of  the  upper  plane  is  2(S  feet  4  inches  and  that  of  the  lower  is 
2i)   feet  9  inches,  the  chord   being  5  feet  9  inches  in   both   and 
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lE^^P  5  feet  3  inches.  The  total  supportinK  surface  is  209 
square  feet. 

Tail  Unif.  The  semi-elliptical  horizontal  stalwlizer  is  (li\ided 
into  two  parts  and  is  made  of  exceptionaUy  thick  section,  5|  inches. 
It  is  uonlifting,  that  is,  has  no  angle  of  incidence,  and  is  mounted 
in  the  line  of  flight  without  any  external  bracing.  The  framework 
is  of  wood.  Hinged  to  the  trailing  edge  of  tlie  horizontal  stabilizer 
is  a  single  elevator  balantred  by  small  triangular  extensions  forward 
of  the  outer  extremities.  A  roiuided  vertical  fin  of  the  same  heavy 
section  as  the  stabilizer  is  built  up  of  three-ply  veneer  on  a  wood 
frame  and  is  mounted  on  top  of  the  fuselage  some  distance  forwawl 
of  the  rear  extremity  of  the  latter.  To  its  trailing  edge  is  hinged 
the  rudder,  which  is  balanced  by  a  triangular  forwani  extensicm  at 
the  top  of  the  rudder  post.  The  entire  nidder  is  above  the  fuselage 
and  its  trailing  edge  does  ntit  extend  Iwyond  tlie  rear  extremity  of 
the  latter.  Steel  tubing  is  employed  for  the  framing  of  both  the 
rudder  and  the  elevator  with  the  usual  fabric  covering.  The 
rudder  and  the  elevator  control  cables  are  inside  the  fuselage,  in 
the  top  of  which  are  two  small  doors  which  make  inspection  and 
adjustment  possible.  The  junctions  of  the  fin  and  the  stabilizing 
plane  with  the  fu.selage  are  rounded  off  with  three-ply  veneer. 

Fimelage.  The  fuselage,  whirh  is  a  compromise  between  the 
standard  .\lbatro8s  construction  and  the  French  monocoque,  is 
simple  and  easily  built  at  a  low  cost.  In  set^tion,  it  varies  from 
circular  at  the  nose  to  a  horizontal  knife  edge  at  the  rear,  being 
flat-siile<l  with  rounded  top  and  bottom  at  the  center.  It  is  built 
up  on  six  longerons,  three  at  each  side,  the  central  ones  being  of 
spruce  and  of  rectangular  section  J  by  -^  inch  back  of  the  cock- 
pit, while  forward  of  it  they  are  of  L  section  ^  by  J  inch.  The 
top  and  middle  longerons  are  placed  one  above  the  other,  but  the 
bottom  ones  are  closer  together.  Except  at  certain  points,  the  top 
urid  bttttom  members  are  of  L  section  and  up  to  the  cockpit  are 
of  spruce;  forward  of  it  they  are  of  ash,  l-,j  by  l^j  iTichcs. 

The  longenms  are  supjK>rted  by  simple  transverse  formers,  or 
ribs,  reinforced  at  their  junctions  with  the  longerons  and  spaced  at 
intervals  of  about  2  feet.  These  formers  are  |  inch  thick  and 
inch  deep.     At  the  tail  there  arc  two  of  these  fonuers  of  heavier 

ion,   while   forward   nf  the  t-ockpit   there   are  ^o\\t   Vevoa^n^t**; 
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formers  tarrying  the  eiigiuo  bearer!',  tlie  sainc  arrHii^meut  )<r'\n- 
followed  lis  ill  otliiT  Albatross  umHiiiies.  Tbcre  is  no  wire  fanwiii: 
nor  are  there  any  atruta  except  tlie  rontintiation  of  the  cah»jv 
struts  which  extend  down  to  the  chassis  strut  uttachmt^nts.  Tli' 
pilot's  seat  is  supported  by  two  transverse  tubes  adjustably  m<iiit>tt'<: 
on  two  auxiliary  longerons  on  each  side  of  the  fiisolage.  The  latt'- 
is  inclosed  with  thre*-ply  veneer  screwed  and  tacked  on. 

Power   Plant.     The   engine   is  a  six-cylinder   vertical   watff- 
cooled  Mercedes  capable  of  delivering  170  h.p,     Neither  the  enpim 
itself,  the  details  of  which  are  given  in  the  text  "Aviation  Mot^)^ 
nor  its  mounting  ilifler  from  previous  models  of  the  same  tiia<-hiiii 
Honey  comb-type  radiators,  liowever,  arc  used  and  are  mouiil^d  wi 
each  side  of  the  fuselage.     Above  the  motor  to  the  left  side  of  ^m 
camshaft  is  a  flat  water  tank,  one  end  of  which  in  cotinecteil  tkl 
the  water  jacket  of  the  motor  and  the  other,  to  the  two  rHdtatwt-  n 
The  outlets  of  the  radiators  at  the  bottom  are  connected  lo  tlit 
water  pump  at  the  rear  of  the  engine.     On  eaeh  side  of  the  enginr 
is  mounted  a  machine  gun  winch  is  synchronized  tor  firing  tlimu^ 
the  propeller.    The  guns  are  centered  ubuut  1  foot  apart  Bud  aW 
controlled   by  two   triggers  mounte<l   on   the  grip  of  the  control 
lever. 

Landing  Gear.  The  landing  gear  is  of  the  conventional  \  ivpf 
with  a  rubber  sprung  axle  carrying  two  disc  wheels  shod  wilti 
tires  3(1?  by  4  inches.  Behind  the  axle  is  a  transverse  tubular  tit'- 
ntd  and  the  two  rear  struts  are  bracts!  by  cables.  The  cha-isi- 
is  dismantled  easily  by  withdrawing  the  struts  from  the  sockets 
mounted  on  the  fuselage. 

Conlroh.  The  control  lever  operating  the  ailerons  and  devator 
is  of  the  Fokker  type — the  Fokker  raacliine  itself  being  a  copy  k' 
tlie  Morane-Saulnier  (French)  with  a  few  modifications.  Tl^' 
lever  consists  of  a  Ifj-inch  tulje  mounted  on  a  1^-inch  transvt-r-i 
tulie  sup|Xirted  on  a.  wood  base.  By  means  of  a  UK'kiiig  devi" 
consisting  of  an  arrangement  of  rods  forming  an  articuUted  pMml 
lelngram,  the  pilot  is  enabled  to  take  his  hands  from  the  lever, 
which  is  held  in  a  fore  and  aft  position  but  not  tn»ns\'erscly, 
may  operate  the  ailerons,  or  lateral  control,  with  his  knees. 

Ago  Fighting  Biplane.    .-\s  far  as  its  wing  shape  and  const 
tion  «rr  concerned,  the  .\go  fighting  biplane  is  in  a  daas  hy  i 
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since  it  is  characterized  by  features  not  to  be  found  on  aeroplanes 
of  any  other  make. 

Plane.i.  The  wings,  which  have  a  span  of  39  I'eet  3  inches,  are 
rniirktil  by  a  pronounced  taper  from  root  to  tip — a  feature  thatha^ 
evidently  lieen  adopted,  despite  the  manufacturing  difiicultiea  it 
involves,  in  order  to  cut  the  head  resistance  down  by  minimizing 
the  number  of  interplane  struts  necessary.  Only  a  single  pair  of 
outer  struts  is  employed  between  the  wings  on  each  side;  what 
iippciir  to  be  inner  stmts,  Fig.  44,  are  a  single  wire  running  from 
the  upper  forward  spar  to  the  lower  forward  spar  and  a  single 
strut  plated  close  to  the  body,  no  hft  or  landing  wires  being  used 
between  them.  Doing  away  with  the  inner  pair  of  struts  also 
considerably  increases  the  zone  of  fire  of  the  machine  mounted  en 
harbette  in  the  after  cockpit,  as  this  enables  the  gun  to  fire  ahead  as 
well  as  astern.  Owing  to  the  backward  slope  of  the  leading  edge 
of  the  wing.s,  the  single  pair  of  interplane  struts  is  farther  bai-k 
than  they  would  be  in  a  normal  machine,  while  the  taper  also 
serves  to  bring  them  closer  together,  so  that  they  obstruct  the  field 
to  a  lesser  extent.  The  single  inner  strut  on  either  side  of  the  body 
naturally  ser%e5  to  brace  the  rear  spars,  these  struts  being  placed 
in  the  wake  of  the  single  wires  connecting  the  front  spars.  Since  the 
decreased  ofiord  at  the  i^Hng  tips  due  to  the  taper  localizes  the  travel 
of  the  center  of  pressure  to  a  great  extent,  the  absence  of  the  inner 
front  spar  bracing  is  not  as  serious  as  it  appears  at  iirst  sight. 

The  wing  .spars  are  of  built-up  construction  and  of  the  usual 
l-bcam  section,  but  gluing  supplemented  by  tape  and  fabric  are 
relied  on  entirely  to  fasten  the  flanges  to  the  webs,  no  screws  or 
nails  Ix^ing  used.  At  the  rib  spacing  points,  a  three-ply  distance 
piece  is  gluetl  into  the  hollow  spar.  Except  for  the  extra  hollow- 
ing out  and  the  use  of  a  heavier  top  than  bottom  flange,  the  rear 
spar  is  the  same  as  the  front,  both  being  made  of  pine.  Steel 
lubing,  stream-lined  with  wood  facing,  is  employed  for  the  interplane 

Lruts,  and  they  are  further  braced  by  a  diagonal  tube  welded  to 
In  addition  to  this,  a  diagonal  bracing  wire,  running  in  the 
)sitc  direction,  is  employed-     Besides  tapering  transversely,  the 

tngs  vary  in  thickness  from  root  to  tip,  so  tliat  the  ribs  are  not 
I'  of  a  different  length  but  also  of  a  different  thickness  at  each 

btit  along  the  wing. 


Hw  ukroDB,  whidi  have  their  tips  set  at  a  digbt]gr  ■ 
angle  oi  inddence  than  that  ot  the  inner  enda,  are  hingad  to  *  Uk< 
qwr  ali^tly  to  the  rear  of  the  main  ^lar,  this  being  diaiactmlic 
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of  German  design.  The  leading  edge  of  the  aUcron  is  a  steel  tube, 
partly  inclosed  by  and  at  some  distance  from  a  strip  <rf  laminated 
wood;  this  provides  the  requisite  depth  for  the  leadhif  edge  of  the 


iileron.  A  short  strip  nf  very  thin  steel  is  bent  around  and  sol- 
diered to  the  tube,  the  two  ends  of  the  strip  projecting  back  into  a 
-lot  in  the  rib. 

'fail  I'nif,  The  tail  planes  are  similar  in  construction  to  the 
inuin  planes,  the  stabilizer  being  brought  to  the  same  level  as  the 
tnp  of  the  boil.v  by  dropping  the  lower  longerons,  somewhat  after 
!he  fashion  of  the  old  Deperdussin  monoplanes.  A  clip  secures  the 
front  spar  of  the  tail  plane  to  the  longerons,  while  the  rear  spar  is 
iittached  by  means  of  a  sliding  clip  arrangement,  which  permits 
adjusting  the  angle  of  incidence  of  the  tail.  The  vertical  fin  is 
built  up  on  a  steel  tubing  frame  and  is  mounted  on  the  tail  plane 
^1)  that  it  moves  with  it.  No  great  latitude  of  adjustment,  there- 
tnre,  is  possible  as  a  comparatively  small  movement  of  the  rear 
r-par  of  the  tail  plane  brings  the  nidder  against  the  edge  of  the 
rut-out  portion  of  the  fin.  Owing  to  this  construction,  the  rudder, 
which  is  also  built  on  a  steel  tube  frame,  has  no  support  above  the 
iiiHly,  as  this  is  difficult  to  obtain  in  conjunction  with  an  adjust- 
able fin.  As  a  result,  the  rudder  is  very  much  overhung  and  does 
not  appear  to  have  a  very  high  factor  of  safety'.  The  area  of  the 
tall  plane  is  24  square  feet,  that  of  the  rudder  is  S  square  feet,  and 
nf  the  fin,  4  square  feet. 

Fii/itlage.  The  body  is  of  the  usual  rectangular  section  with  a 
light  and  comparatively  fiat  structure  forming  a  turtle  back  over  the 
ti>p  of  the  main  framework.  This  turtle  back  is  a  detachable  unit. 
Square  section  pine  longerons  are  used  ext^pt  for  the  engine 
bearers  and  here  tliey  art-  of  ash.  Forward,  the  biwly  bracing 
takes  the  fonu  of  diagonally  placed  steel  tubing,  while,  aft,  steel 
tubing  struts  are  used  in  connection  with  the  usual  wire  bracing, 
The  rear  cockpit  is  wcupied  by  the  gunner,  who  is  accommo- 
dated on  a  canvas  seat  stretched  on  a  folding  frame  of  steel  tubing. 
When  uno<'cupicd,  this  sent  is  folded  up  out  of  the  way  and  held  by  ' 
ii  spring,  HO  that,  the  moment  the  gunner  stands  to  fire,  it  folds  up 
iiutomaticallj'.  The  gnu  is  mounted  on  a  swiveling  bracket  sup- 
ported  on   a  revolving   wood   gun-ring   so  tliat   the  gun  may  be 

raversed  in  any  direction  except  for  a  small  part  of  the  circle, 
1  clipped  to  the  rear  legs  of  the  cabane  preventing  the  gun 

^rrel  from  traveling  too  far  inboard.    Tlie  pilot's  seat  in  the  forward 
Jtplt  is  placed  on  top  of  the  main  gasoline  tanW,  ici^wve,  wv  "^e. 
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floor  of  the  hady,  while  a  gravity  service  tank  h  mouiiteil  final)  «ith 
the  upper  {daoe  just  to  the  left  of  the  cabane.  An  opening  in  thf 
mng  is  [ffovkled  for  this  purpose.  In  a  corresponding  opening  in 
the  upper  r^^t-hainl  wing,  the  radiator  is  mounted,  the  ga-HuJine 
and  water  being  led  tlirougli  the  steel  tubes  fonning  the  riglii  and 
left  cabane  legs,  respectively,  thus  avoiding  uny  esposed  piping  for 
this  purpose. 

Power  Plant.  The  power  plant  eonsistM  uf  a  six-ejlinder  ^e^ 
ticftl  water-cooltd  BeiiK  engine  mounted  on  the  usual  longitudinal 
bearers  which  are  in  turn  supported  by  the  bixiy  at  three  |«iints. 
These  are:  at  tlie  reur,  u  sloping  panel  of  laminated  wood;  hi  tbr 
center,  tubes  doping  u]i  from  the  junction  of  tiie  rear  panel  ftith 
the  lower  longerons;  and  ut  the  froiit,  a  seL-ond  laminated  panel, 
this  being  {^aced  vertieally.  In  addition  to  these  direet  supports, 
the  engine  mounti[ig  is  further  braccfl  by  tubes  to  the  upper  lon- 
gerons and  by  diagonal  tubes  from  the  top  to  the  bottom  longerons. 

Controh.  The  controls  are  of  the  usual  German  type,  with  » 
vertical  lever  ttrminatiiig  at  its  upper  end  in  a  double-handled 
grip  and  mounted  by  means  of  a  iniivcrsal  joint  t)n  a  longitudinal 
rocking  shaft.  This  shaft  carries  at  its  rear  end  the  crank  le%-ers 
to  which  are  attached  the  aileron  control  cables. 

Friedrichshafen  Bomber.  Designed  along  very  similar  lines  tu 
the  Gotha,  the  Friedrichshafen  bomber.  Fig.  45,  is  one  of  the  priu- 
eipal  heavy  bombing  machines  turned  out  by  the  Germans.  Its 
makers  have  long  si)ecialized  in  the  manufacture  of  seaplanes  of 
the  single  and  the  twin-engine  type,  and  the  bombing  machine 
resembles  the  latter,  except  ftir  the  sweep  back  of  the  wings,  which  is 
apparently  a  reversion  to  former  practice. 

Plants.  The  machine  has  a  span  of  60.6  feet  on  the  upper 
wing,  the  lower  wing  being  but  slightly  shorter,  about  61.8  feet,  so 
that  there  is  very  little  overhang.  .\  slight  taper  is  given  the 
planes  from  root  to  tip,  the  chord  being  7.5  feet  at  the  fuselage 
and  5.1  feet  at  the  wing  tips.  The  gap  is  6.39  feet  at  the  body  and 
increases  slightly  toward  the  ends  of  the  wings.  The  machine 
stands  13.4  feet  high  over  the  top  of  the  rudder  and  has  an  over-all 
length  of  36  feet.  Except  at  the  central  section,  wfaidi  is  rectilinear, 
the  wings  are  given  a  slight  dihedral  and  also  embody  a  alii^t  swe^ 
back  and  decalage,  and  the  upper  plane  is  at  'm 
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the  machine  is  a  pusher  type,  the  trailing  edges  of  the  planes  are 
deeply  recessed  to  provide  ample  clearance  for  the  propellers. 

Steel  tubing  is  employed  for  the  construction  of  the  center 
section,  while  the  wing  framing  is  of  laminated  wood,  the  spadng 


of  the  spars  being  according  to  the  usual  German  practice  of  plac- 
ing the  forward  beam  very  close  to  the  leading  edge  while  tK<b  veax 
beam  is  disprpportienately  farther  forward  tiom  tlbe  XxtSoLO^  «&3^- 
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The  forward  spar  is  about  15  inches  from  the  leading  edge  mod  the 
rear  spar  is  approximately  one  meter,  or  3.28  feet,  back  of  it.  Tlie 
wing  ribs  are  parallel  to  the  longitudinal  axb  of  the  machiiie,  in 
contrast  with  the  practice  in  the  Gotha.  Steel  tubing  is  emjiayei 
for  the  framing  of  the  ailerons,  which  are  of  an  irregular  outline 
and  ,are  balanced  at  the  wing  tips,  Fig.  45.  There  is  approximately 
25  square  feet  of  surface  in  each. 

Tail  Unit.  Except  for  the  unusual  depth  of  the  horizontal 
stabilizer,  which  is  practically  the  same  as  its  span,  the  dimensions 
being  approximately  12  by  13  feet,  the  design  of  the  tail  unit  b 
conventional.  Steel  tubing  is  employed  for  the  framing  of  the 
elevators  and  the  rudder  and  both  are  provided  with  balancing 
surfaces.    The  vertical  stabilizing  surface  is  the  usual  triangular  fin. 

Fuselage.  In  contrast  with  the  monocoque  type  of  body  used 
on  the  Gotha,  the  Friedrichshafen  is  of  the  usual  four-sided  con- 
struction with  wood  cross  members  and  wire  bracing.  Veneer  is 
employed  for  the  covering  of  the  forward  portion  while  canvas 
is  used  aft.  The  body  is  built  as  a  unit  and  attached  at  a  point 
flush  with  the  trailing  edge  of  the  wings,  keys  being  employed  in 
assembling.  The  center  section  of  the  planes  is  fixed  to  the  body 
by  means  of  a  cabane  comprised  of  four  vertical  steel  struts. 
Pilot  and  observer  are  seated  tandem  with  the  main  fuel  tank 
l)etween  them,  the  pilot  being  placed  forward,  while  the  bomb- 
dropping  gear  is  disposed  on  either  side  of  his  seat.  A  passageway 
connects  the  seats  so  that  the  occupants  may  change  positions  if 
they  so  desire. 

Power  Plant,  Two  Benz  six-cylinder  vertical  water-cooled 
engines  comprise  the  power  plant  and  develop  a  total  of  450  h.p. 
They  are  spaced  approximately  7  feet  on  either  side  of  the  center 
line  of  the  machine  and  each  is  mounted  on  four  V-shaped  stmts, 
the  apexes  of  which  bear  on  the  vertical  struts  of  the  landing  gt*ar. 
Both  engines  are  inclosed  in  a  stream-line  housing,  of  which  the 
radiator  forms  the  nose  and  which  tapers  back  to  a  conical  cap 
employed  to  stream-line  the  propeller  hub.  The  propellers  have  a 
diameter  of  9.5  feet.  The  oil  tanks  are  mounted  below  the  radiators, 
while  the  main  fyel  tanks  are  located  back  of  the  pilot's  seat. 

Landing  Gear.  By  means  of  compression  members,  which  are 
clearly  shown  in  the  forward  view  of  the  machinerFig.45»  the  diassis 
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lit'  the  landing  gt-ar  bears  on  tbt-  Ijody  iis  well  as  on  (in*  wings.  This 
loiistrurtion  represents  a  departure  from  the  usual  German  prac- 
tice, as,  in  single-motor  machines,  the  chassis  bears  on  the  body 
idont',  and  in  twin-engine  planes,  on  the  wings  alone.  Two  pairs  of 
\-ertical  steel  tubing  struts  comprise  the  support  of  the  lamling  gear, 
whitli  is  braced  by  tubular  compression  members  leading  from  the 
body  to  the  uprights.  Each  pair  of  struts  bears  on  the  l)aae  of  the 
engine  bed  above  It  and  carries  twin  wheels  on  a  common  axle  in 
i-onnection  with  rubber-strand  shock  absorbers.  The  tail  skid  is 
pivoted  on  a  vertical  steel  tnbe  member  braced  to  heavy  cross 
mcnil>crs  inside  the  body,  unci  the  lower  end  of  tlic  nkid  is  steel 
shod.     No  brake  is  employed  on  the  landing  gear. 

.\ri)iainrn(.  The  firmament  consists  of  thive  I'liriiljelluni 
machine  guns,  though  the  Friedrichshafen  bomber  is  lucking  in  the 
!ifter  gun  tunnel  feature  that  distinguishes  the  Gotha.  Each  cock- 
pit is  surroundeil  by  a  gun-supporting  ring  around  which  the  car- 
riage of  the  piece  may  be  slid  by  means  of  a  lever  which  makes  it 
possible  to  Iwk  the  gun  at  any  point  desired.  The  third  machine 
gun  is  mounted  on  a  pivot  placed  on  the  floor  of  the  body  and  is 
designed  to  fire  astern  through  a  trap  door.  This  gun  is  fired  by 
the  second  gunner,  who  operates  a  lever  to  open  the  trap  door. 

Ill  addition  to  the  machine  guns,  six  bombs  are  carried  in  a 
\ertieal  row  in  a  self-feeding  magazine,  a  fresh  bomb  dropping 
automatically  into  the  place  of  the  one  that  has  been  released.  A 
■ipring  jaw  suspension  is  also  provided  under  the  center  of  the  body 
for  carrying  an  additional  supply  of  bombs. 

H'eigkU.  Fully  equipped  for  flight,  the  total  weight  of  the 
machine  is  6835  pounds,  comprising  48.50  pounds  as  the  gross 
weight  of  the  machine,  951  pounds  for  crew,  armament,  and  ammu- 
nition, and  1144  pounds  for  fuel  and  oil.  This  gives  a  lift  loading 
of  fl.9  pounds  per  square  foot  of  surface  and  a  power  loading  of 
l.'is  pounds  |3er  horsepower. 

Rumpler  Biplane.  A  characteristic  feature  of  the  German 
policy  in  aviation  has  l>een  the  adoption  of  a  certain  model  of 
iriuchine  and  its  use  in  large  numbers  until  such  time  as  it  is  dis- 
placed by  a  later  type.  The  Kumpler  biplane,  Fig.  40,  affords  a 
typical  instance  of  this.  During  the  second  year  of  the  war  it  vjfta 
\'ery   largely  employed,   as  is  evidenced  by    t\ie  \axX  "^vX  "Cm 
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majority  of  the  machiDes  captured  by  the  French  dtmng  jBost  rf 
1916  and  the  early  part  of  1917  were  Rumplers.     Its  genenl  dMl^ 

acteristics  follow. 
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Planet.    The  Rumpler  has  a  span  of  40.18  feet  on  the  tipper 
plane  and  36.08  feet  on  the  lower,  the  total  suppcnliiig  surikce  beJn; 
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;181.6  square  feet.  The  wings  taper  slightly  from  the  butt  end  at  the 
fuselage  toward  the  tips,  the  chtinl  varying  from  5.74  feet  to  5.31 
feet,  while  the  gap  Is  't.^H  feet.  There  is  no  stagger,  the  struts 
l>eing  vertical.  Both  planes  are  set  at  a  dihedral  angle  of  2  degrees. 
In  accordance  with  tlie  usual  (Jerman  practice,  the  ailenins  are 
attached  t(i  auxiliary  spars  iiistetiil  of  heing  hiitgtil  to  the  rear 
beams  of  the  wiug  itself.  They  are  ojMrated  by  the  usual  bell- 
crank  lever  projecting  through  a  slot  in  the  wing,  this  lever  being 
relied  oh  to  produce  an  upward  movement  of  the  aileron,  while  a 
cable  attached  near  the  trailing  edge  of  the  aileron  is  used  to  give 
the  dowiiward  movement.  The  wings  have  an  angle  of  incidence 
of  5  degrees  next  to  the  fuselage. 

Tali  Unil.  Slefl  tuhiiig  is  employed  almost  entirely  for  the 
framing  of  the  essentials  of  the  tail  unit,  the  horizontal  stabilizer 
being  supported  about  midway  of  its  length  by  a  tube  rising  on 
each  side  from  the  lower  longeron  of  the  fuselage,  while  at  its 
trailing  edge,  when.'  it  forms  the  hinge  for  the  elevators,  it  is 
further  braced  by  similar  tubes  attached  to  the  rudder  post.  The 
horizontal  stabUiiwr  is  of  the  standard  triangular  form  and  measures 
slightly  over  U  feel  in  span  along  its  trailing  edge,  while  the  ver- 
tical tail  fin  13  very  sliort,  being  approximately  3.7  feet  along  the 
fuselage  by  2.7  feet  high  at  the  rudder.  The  latter,  however,  has 
an  over-all  height  of  3.7  feet. 

fiisftajir.  The  usual  seating  practice  is  reversed  by  placing 
the  pilot  in  the  forwani  cockpit,  while  the  observer  occupies  the 
rear.  This  second  cockpit  is  equipped  with  a  swivehng  seat  and  a 
circular  rack  on  which  the  machine  gun  is  mounted,  so  that  as  the 
gunner  varies  the  aim  of  his  piece  he  moves  around  with  it.  From 
the  nose  of  the  machine  to  a  point  just  back  of  the  observer's  seat, 
the  four  main  longerons  of  the  fuselage  are  of  ash,  while  aft  of  that 
point  they  are  of  spruce.  The  engine  is  braced  in  place  on  its  ash 
l>eams  by  steel  tubes  which  are  practically  a  continuation  of  the 
forward  tulie  struts  of  the  landing  gear.  |}e]>endiiig  on  whether 
it  is  fitted  out  as  a  "bomber"  or  as  a  destroyer,  the  Uumpler 
iiipiaiie  carries  a  release  gear  for  six  heavy  bombs  and  a  light  gun 
for  defense  only  or  two  machine  guns  of  a  heavier  tjpe.  The  only 
unusual  feature  of  the  instrument  equipment  is  the  loc'ation  of  the 
compass  in  an  inverted  position  under  the  uppct  t\^x,  "wm^,   \«s 
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landing  in  a  restricted  space,  the  axle  of  the  landing  gear  is  pro- 
vided with  a  brake  which  acts  on  the  principle  of  the  plow  and  is 
operated  by  means  of  cable  from  the  forward  cockpit. 

Power  Plant  The  motor  employed  is  the  165-h.p.  Mercedes, 
which  develops  its  normal  output  at  1400  r.p.m.  but  which  on  a 
bench  test  showed  as  high  as  174  h.p.  at  1450  r.p.m.  A  detailed 
description  of  this  type  of  motor  is  given  in  the  text  "A\iation 
Motors".  The  propeller  measures  9.1  feet  in  diameter  and  has  a 
pitch  of  6.2  feet,  though  this  applies  only  to  a  particular  machine, 
since  others  of  the  same  type  that  have  been  captured  have 
differed  more  or  less  in  detail.  The  weight  of  the  motor  is  67ri 
pounds,  while  the  propeller  weighs  41.5  pounds.  Fuel  is  carried  in 
a  main  tank  forming  the  pilot's  seat  and  from  this  tank  is  raised 
by  a  pump  to  a  gravity  tank  fitted  between  the  forward  and  rear 
main  wing  beams  and  attached  to  the  central  inverted  struts  from 
the  fuselage.  Just  in  front  of  this  gravity  fuel  tank  is  j)laa»d  thr 
radiator,  fitting  in  a  space  between  the  forward  main  spar  and 
the  leading  edge  of  the  wing  which  it  has  been  designed  to  fill.  A 
three-way  valve  is  inserted  in  the  main  fuel  line  so  that  gasoline 
may  be  fed  either  from  the  main  tank  directly  by  pressure  or  froin 
the  gravity  tank.  The  weight  of  the  fuel  carried  is  .374  pounds 
and  the  necessary  water  weighs  iyo  pounds. 

Halberstadt  Biplane.  The  Ilalberstadt  biplane,  Fig.  47,  \va> 
used  in  large  numbers  by  the  Germans  during  the  first  two  year^ 
of  the  war,  but,  as  it  was  almost  invariably  downed  by  French  an«l 
British  flyers,  it  apparently  has  since  been  abandom^d.  A  hrief 
review  of  its  salient  points  shows  that  it  would  tend  to  Ix*  unstaWt 
to  a  degree  unknown  in  any  of  the  existing  French  or  BritisI: 
types,  which  may  account  for  the  frequent  occasions  on  which  it 
has  been  known  to  end  the  career  of  its  pilot  by  a  spiral  dive. 

Plancff.  In  addition  to  being  very  poorly  balanced  longi- 
tudinally, the  design  of  the  machine  throughout  is  crude  and  heavy 
It  is  a  single-seat  type  of  short  span,  the  upper  wing  measurim: 
but  2S  feet  ()  inches  and  tlie  lower,  2.')  feet  9  inches,  but,  despite 
this,  it  is  built  with  two  pairs  of  interplane  struts  and  the  usual 
wire  bracing  in  the  panels.  This  simply  increases  the  drift  unneces- 
sarily without  any  comptMisating  advantages,  as  practically  *" 
other  machines  of  t\V\s  sv/.e  im*  built  with  a  single  pair  of  interplaot*    I 
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struts  on  either  side  of  the  fuselage.  The  chord  is  approximately 
5  feet,  and  the  gap  is  only  4  feet  3  inches,  which  brings  the  upper 
wing   very   close  to  the  body   and   to   some  extent  reduces  the 
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efficiency  of  the  lower  wing.     The  wings  have  a  alight  dihetirnl  and 
are  staggered  but  have  no  sweep  back. 

Tail  Unit.  While  a  large  balanced  rudder  is  employed,  there 
is  an  entire  absence  of  fixed  vertical  surface  at  this  point  and  this 
condition  is  aggravated  by  the  design  of  the  fuselage,  which.  t».v::c% 
to  a  horizontal  knife  edge,  further  redudng  the  'Wa,i«jkD%  ?mAw» 
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ba(±  of  the  center  of  gravity  of  the  machine.  The  elevatots  aic 
mounted  on  a  spar  attached  to  the  rear  end  of  the  fuselage  and  tiie 
flat  upper  surface  of  the  latter  is  depended  on  to  act  as  a  horixon- 
tal  stabilizer,  no  other  fixed  surface  being  provided  for  this  purpose. 
As  will  be  noted  in  Fig.  47,  the  vertical  surface  presented  I^ 
the  body  just  hack  of  the  wings  is  considerably  increased  by  a 
\  lligh  camber  running  from  the  rear  of  the  pilot's  seat  half  the 
Imgth  of  the  fuselage — a  feature  of  design  that  calls  for  an  addi- 
tional amount  of  vertical  balancing  surface  at  the  tul  instead  of  its 
reduction  considerably  below  the  normal,  as  is  actually  the  case. 

Power  PIotU.  The  engine  is  an  Argus  ^x-cylinder  verticil 
water-cooled  type  rated  at  120  h.p.  Instead  of  the  usual  overhead 
camshaft,  however,  it  is  fitted  with  the  ordinary  type  of  rocker 
arm  valve  mechanmm  operated  through  push  rods  from  camshafts 
at  the  level  of  the  crankcase.  The  fuel  tank  has  a  capacity  ot 
approximately  17  gallons  and  serves  as  a  seat  for  the  pilot.  Frum 
this  tank  the  gasoline  is  elevated  by  a  pump  driven  by  the  motor 
to  a  4-gallon  gravity  tank  built  into  the  center  section  of  the  upper 
plane.  The  radiator,  which  is  built  to  conform  to  the  cur\'e  of  the 
wing,  is  also  located  at  this  point  and  likewise  a  small  water  tank. 
Either  a  leak  or  a  puncture  due  to  a  machine-gun  bullet  would 
bring  the  hot  water  down  directly  on  the  pilot, 

Qennan  "Spad".  The  German  "Spad"  is  a  high-speed  type 
of  machine,  technically  termed  a  destroyer  and  armed  with  two 
machine  guns.  The  one  shown  in  Fig.  48  was  shot  down  in  the 
British  lines.  Like  practically  all  the  German  machines,  it  reveals 
no  original  features.  It  is  a  conglomerate  copy  of  the  French 
Nieuport  and  Morane  and  the  British  Sopwith  tj'pes,  though 
equipped  with  a  much  heavier  motor  and  lacking  in  the  speed 
range  of  these  machines.  Its  chief  dimensions  and  characteristics 
are  as  follows: 

Planes.  The  Spad  has  a  span  of  27  feet  (i  inches  and  the  lower 
plane  is  one  foot  shorter  than  the  upper.  The  planes  have  no  sweep 
back  nor  dihedral  but  are  so  arranged  that  they  may  be  ^ven  > 
variable  stagger.  The  two  main  spars  are  quite  dose  to  the  lead- 
ing edge,  the  front  being  but  }  inch  from  the  edge  and  the  rear 
spar  about  32  inches  back  of  it.  This  gives  a  trailing  edge  with  an 
overhang  of  over  2  ieet,  in  vh\ch  the  ribs  are  lioked  together  by* 


third  spar  of  slightly  more  timii  ^-inoh  siiuare  section  which  is 
introduced  solely  for  the  purpose  of  bracing  the  ribs  as  it  is  not 
connected  in  any  way  with  the  fuselage  or  the  cabane.  The  angle 
iif  incidence  varies  from  2  degrees  at  the  outside  rib  of  the  lower 
right  wing  to  5.-i  degrees  near  the  fuselage,  increasing  progressively, 
but  being  4  degrees  at  the  outside  rib  of  the  lower  left  wing.  The 
upper  plane  is  in  ime  piece,  while  the  lower  wings  are  fixed  to  the 
fuselage  by  means  of  a  bracket  extending  beyond  the  body.  Botli 
wings  and  spars  are  finished  with  an  outward  slant  and  are  beveled 
off  sharply  on  the  upper  side.  The  ribs  are  gpaced  regularly  on 
the  upper  plane,  the  spacing  (wing  slightly  over  10  inches,  while  on 
s  lower  plane  they  are  about  14  inches  apart  except  where  the 
ruts  occur,  at  which  points  the  rib  is  displaced  though  the  total 


tanee  is  28  inches  approximately.     The  wings  are  held  apart 
r  a  single  pair  of  parallel  stream-line  struts  on  either  side  of  the 
fuselage. 

]'ariable  Stagger.  The  lower  planes  are  fixed  in  relation  to  the 
fuselage,  but  the  position  of  the  upper  planes  is  variable  by  means 
of  regularly  spaced  holes  drilled  in  the  horizontal  tube  which  forms 
the  upper  member  of  the  cabane.  There  are  five  of  these  holes  at 
t*ach  end.  the  spacing  between  them  being  slightly  less  than  5 
inches,  and  the  two  bolts  holding  tlie  upper  plane  in  position  may 
l>e  inserted  af  any  of  these  points,  so  that  the  upper  plane  may  be 
Hxed  directly  over  the  lower  or  can  be  given  considerable  forward 
■•tagger.  With  the  aid  of  this  arrangement,  the  position  of  center 
of  pres.iure  can  be  shifted  to  allow  for  a  variation  in  the  weight  of 

I  motor  employed  or,  possibly,   for  that  of  the   pilot  as  "wtW. 

Ij'iiig  the  stagger  moves  the  center  of  pressure  XougilviAlmvJ^'^  «»-^ 
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permits  the  weif^ts  to  be  conectly  ■djuBted.  Tlie  uwial  raetiiod  of 
Hcnng  this  is  merely  to  alter  the  anf^  of  the  tail,  or  bonntitil 
Htabilizer. 

Trantverte  Control.  Transverse  oontnd  is  effected  by  means 
of  Mleroiw  on  the  upper  plane  only,  these  surfaces  having  a  spto 
of  about  7  feet  0  inches  by  a  chord  of  spproxiniatdy  1  foot  4} 
inches  to  I  foot  8i  inches  and  an  area  of  10.76  square  feet  (1  square 
meter)  eadi.  Including  the  ailerons,  the  total  supporting  surface 
in  2(17.K  square  feet. 

Tail  Unit.  A  feature  of  the  tail  plane  is  that  it  is  set  pa- 
fvctly  flat,  that  is,  without  aoy  angle  of  inddence,  while  both 
the  horiisontal  and  the  vertical  surfaces  are  of  such  heavy  sectioii 
(itpproximately  (t  inches)  and  the  fin  is  placed  so  well  forward  thit 
no  nuchor  brinnnn  is  employed.  This  tj-pe  of  construction  k 
rurtlicrifl  hy  (■urr\'inn  the  fuselage  back  with  only  a  slight  taper,  si 
that  it  is  iiiuiHiiHlly  Imnwl  at  its  ivor  end,  which  terminates  in  a 
T  siTV'itifi  as  u  support  for  the  horizontal  plane.  Without  InduH- 
itic  the  imrt  of  the  fusi'laRC  which  contributes  to  the  surface  of  the 
ttiil  pinrir,  the  urea  of  the  latter  is  practically  15  square  feet,  while 
t)irn>  is  III)  oihiitional  \'2  .square  feet  in  the  elevator,  which  i^  a 
>iuKlc  unit  l)i)iarin-<l  by  a  small  triangular  part  projecting  fontanj 
on  the  cU'vulor  hiiip'  at  either  end.  The  balanced  section  repre- 
>«<nts  itlxntt  (VS'i  sc)uure  foot,  which  is  included  in  the  total  given. 
The  fntniing  of  the  tail  plane  and  the  x^rtical  6n  is  of  wood,  but 
the  elevator  and  the  rudder  are  built  on  steel  tube  frames.  The 
\ertiii>l  fin  has  a  siirfaiv  of  approximately  8|  square  fed.  and  the 
Iwlaiut'd  rudder,  inchhiinp  the  balanced  portion,  has  an  are*  of 
ilosc  to  t»  H)U.ire  feet. 

/■■»(*r7<ij7t-  (III./  Ijaniling  Grar.  The  fuselajce  is  built  up  on  si 
lon.citndinal  U\inis  (longerons'^,  two  of  which  are  smaller  than  the 
others  and  are  fiscii  halfway  up  the  sides  of  the  body,  these  upptJ 
heains  als<i  beini;  spread  farther  apart  than  the  lowr  ooe<L  Tbt 
length  of  the  fuselage  is  ;^1  feet  t>  inches,  with  a  ma:Dmimi  depdi 
of  about  .'i  feet  an<i  a  maximum  nidth  of  ^  feet  }  indi.  ^Cidl  llK 
cM-vption  of  the  forepart  of  tbe  two  lower  beam&.  winck  are  sah 
to  wr\T  as  a  suppMin  for  the  motor,  all  the  liiii|,iiiiilMili  aie  d 
snnice  athi  are  wrsf^ied  spirally  with  fabric  So^de  U— wif 
witlKMit  ctvtss  stiMts  KR  fiisod  to  tbe  toopiaas  to  faoi  ^ 


TYPES  OF  AEROPLANES 


971 


pdy  of  the  single-seated  cockpit  (monocoque),  the  body  itself 
(eing  inclosed  with  three  ph  sheeting     These  frames  are  of  verj- 
laths,    rmindeil   on    their   mner   fucis   aiid    reinforced    where 
attached  to  the  longerons  but  heavier  transverse  beams  arc  placed  I 
under  the  tail  plane  and  the  fin  at  the  rear  end      The  landing  gear  I 


Tic.  40.     Dcuah 

)f  of  conventional  design  and  has  a  tread  of  about  6  feet  2  inches,  ' 
i  cro38-bracing  cables  being  placed  between  the  rear  struts.  Xo  ^ 
wkes  are  employed. 

Power  Plant.    The  motor  is  a  six-cylinder  Mercedes  rated  at 
170  b.p.  at   14.50  r.p.ra.  and  drives  direct  a  propeller  i 
''.IS  fwt  in  diameter.     A  novel  feature  ot  VW  \iov;tT  '^M\H,\'i'^ 
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I  disposition  of  tin;  wateiMsjoling  system.     The  rudiator  ia  dividq 
I  into  two  sections,  oue  placed  at  each  side  of  and  on  n  It- vcl  with  i 
I  water  jackets  of  the  motor,  the  radiators  being  fed  from  i 
I  aluminum  gravity  tank  placed  on  top  of  the  motor,  as  i 
I  noted  in  Fig.  49, 

TRIPLANES 
Historical.     I'lxier   the   pressure   of   mihtary   necessity   mar 
forms  of  construction  that  were  tried  in  earlier  days  and  absndoiu 
I  hiive  heen  revived.     The  moTioplane.  which  was  in  the  aacendansj 


I 
I 


just  prior  to  the  war,  lias  been  practically  given  up,  while  the  I 
plane,  which  previously  never  got  beyond  the  experimental  s 
lias  become  a  factor   in   fighting.     One   of   the   earliest   triplanl 
was  that  built  by  A.  V.  Roe,  an  Englishman,  and  tested  in  1 
country  at  the  Harvard   Aviation  Meet  in  September,  1910. 
is  evident  from  Fig.  oO,  it  was  practiadly  a  Farman  bipUinc 
the  addition  of  a  third  plane  of  smaller  dimensions  placed  beloij 
the  other  two.     The  tail  was  likewise  a  triplane.     Control  of  late 
'lability  was  attained  in  the  same  manner  as  in  the  Fartnan,  i 
is,  by  ailerons,  or  wing  tips,  but  these  were  nttacbwl  to  tlie  p 
surfaces  of  the  middle  plane  instead  of  to  tlic  upper  plane  a 
French   machine.     The  motor  wjis  mounted  at  the  forward  i 
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rf  this  central  plane  with  tlie  djrect-fonnected  propeller  placed  in 
rout,  while  the  aviator's  seat  was  placed  in  the  fuselage  about  on 
L  level  with  the  third,  or  lowest,  plane.  The  eonatruction  of  the 
iiselttge  was  somewhat  similar  to  that  of  tlie  lUeriot.  The  machine 
vas  mounted  on  two  pairs  of  pnennmtic-tireij  wlieeJs  attatlied  tii 
ong  skids,  as  in  the  Farman,  while  a  third  small  skid  was  placed 
inder  the  elevator.  Apparently  it  was  due  to  no  fault  of  the 
Tiachine  that  trial  flights  were  not  successful.  The  machine  flew, 
h"ig.  51,  but,  by  reason  of  some  defect  in  the  construction  or  the 
nability  of  its  pilot  to  manipulate  the  controls  properly,  it  was 
Hnaylied  in  landing  and,  as  far  m^  known  in  the  United  States,  Roe 


1 


!  up  further  experimtrnt^  along  this  line.  He  may  have  gone 
OTt  with  his  investigation.1  in  Englanil.  In  France,  Goupy  made 
similar  trials  with  a  triplane  of  his  own  invention,  while  Grade  in 
Germany  did  likewise,  but  the  type  was  never  developed  an,\' 
further  up  to  abttut  191(i,  when  Curtiss  brought  out  a  triplane  in 
this  country  and  Sopwith  lu  England,  while  more  recently  Caproni 
built  huge  maohine-s  of  this  type.  A  number  of  the  Sopwith  tri- 
planes  have  lieen  used  on  the  western  front,  while  the  giant 
paproni  triplanes  are  employed  against  the  Austrians. 

^Advantages.    The  use  of  three  superimposed  planes  permits 
nojHng  A  high  aspert  ratio  in  a  machine  cA  ■aVo'rt.  ■avwv'  '^'*'* 
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l^opwith  having  an  aspect  ratio  of  almost  8  to  1.    With  the  liitliti 

wing  loaiiiiig,  it  ia  also  possible  to  make  the  wing  constnictioU 
[,  much  Hghter.  with  an  equally  high  factor  of  safety,  than  iii 
Ihiplane.  The  whig  spars  may  be  of  greatly  reduced  section  and  still 
f  liave  a  comparatively  long  overhang  so  that  the  total  weight  of  the 
{lifting  surfaces  need  not  exceed  that  of  a  biplane  of  similar  capa- 
[  city.  Increase<l  head  resistance,  dne  to  the  third  wing,  is  offset  by 
I  the  employment  of  a  single  strut  on  either  side  of  the  Ixxly  i 
[  junction   with   a   very   sim|ile   arrangement   of   bracing  wip 


further  advantage  of  the  additional  plane  is  that  it  makes  it  posa 
to  obtain  high  speed  with  greater  carrying  eiipacity  than  with 
\'ery  small  biplanes  or  monoplanes  and  still  to  ha^'e  a 
landing  speed.  It  is  thought  that  with  triplanes  such 
Sopwith  speeds  close  to  1.5t)  m.p.h.  are  attainable  witli  a  factor 
safety  as  high  as  that  of  the  average  battle  plane.  The  C'llrt 
biplane,  Fig.  ')2.  has  a  maximum  speed  ()f  114  m.p.h.  wttli  t 
i«)  h.p.,  with  a  factor  of  safety  of  six.  With  a  ICO-h-p.  motor, 
should  be  capable  of  doing  tiettcr  than  VM)  m,p.h.  In  miKu 
service,  the  pilot  has  an  added  chance  of  gftting  back  safely  M 
though  his  plane  be  badly  shot  up,  since  the  triplane  would  not 
so  likely  to  collapse  as  a  biplane  if  one  of  its  wings  were  shot 
pieces  or  even  carried  away. 

Sopwith  Triplane.  The  following  data  on  the  Sopwith,  Fig*.  ■ 
i  und  54,  are  taken  from  a  description  of  a  captured  madiinc  wht 
1  appeared  in  Flug»}>ort  and  was  later  translated  for  publiotion 
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FIi^W.  the  British  War  Department  not  having  permitted  the  pub- 
lication of  any  specifications  on  this  machine  prior  to  that  time. 


e  same,  that  is,  S,07  meters,  with  &  chord  of  I  meter,  the  lower  and 
middle  wings  being  attached  to  short  wing  sections  on  the  fifselagp. 
while  the  upper  wings  are  attached  to  an  enpne,  ot  woXt"! 


Lt.-^'O^ 
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supported  on  struts  rising  from  the  body.  Solid  spars  are  used, 
front  and  rear,  in  tlie  upper  wing,  the  usual  I-beam  section  beinj; 
employed  for  the  spars  of  the  other  wings.    A  single  stream-lined 


spruce  interplane  strut  is  used  on  either  side  of  the  body.  Fig.  55, 
while  a  pair  of  central  struts  rises  from  the  rails  of  the  fuselage  to 
the  upper  wing,   Fig.   55.     In  order  to  give  a  better  view,  the 


Fig,  M.     Ptan  Vie*  of  Sopwith  TripUne 


middle  wing,  which  is  on  a  level  with  the  pilot's  face,  is  cut  awty- 

The  construction  just  described  applies  to  the  Curtiss  in  moat 

oects,  except  that  the  two  central  struts  spread  out  in  tlw  fbnn 

4o  the'  outer  ades  of  whidi  the  wing  puvb  vt 
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Strtum-iiiio  mre  Hboiit  J  inch  in  diameter  in  used  for  the  wing 
aciug.    The  landing  wires  are  in  the  plane  of  the  struts,  while 
iC  bracing  of  the  lioily  struts,  as  well  as  the  duplicate  lift  wires, 
carried    forward    to  :i 
lint   just  back  of   tin- 
igiiie  cowl.     I'roiu  the 
ar  spar  of  the  middle 
iiig.   wires  are  carried 
re  and  aft  to  the  upper 
ils,  or  longerons,  of  the 
selage.  while  the  lower 
ing  also  has  a  bracing 
ire  carried  to  the  lower 
ngeron.    Ailerons  inter- 

pHnccted  by  steel  taj>es  are  tittet!  on  all  three  wings,  Fig.  515. 
iluloid  windows  being  placed  over  the  control  cable  pulleys  for 
spection  purposes.  The  planes  are  staggered  about  25  per  cent, 
ig.  54,  and  have  a  small  dihedral:  the  gap  is  0.9  meter.  The 
ital  lifting  area  is  27  square  meters  which,  with  a  loaded  weight  of 
'6  kilos,  gives  a  loatling  of  only  25  kilos  per  square  meter  (a  little 
-■er  4  pounds  per  square  foot),  which  nccourjts  for  its  high  speed 
id  excellent  climbing  ability. 

Tail    Unit.    The  horiKonlal  .slidiilizer.  in-  fixed  tail  plane,  is 
meters  wide  and  its  angle  may  be  varied  in  flight,  this  being  a 


^k:M 


^^r  Fia.  oS.     Wine  Svrtlon  of  Sopvitb  TrlpLinc 

laractcristic  of  all  Sopwith  machines.  Attached  to  it  is  the  two- 
irt  elevator,  this  as  well  as  the  rudder  and  vertical  fin  being  of 
m'cntitmal  design  and  construction.  The  latter  is  also  true  of 
e  body,  which  is  of  square  section,  tapering  to  a  vertical  knife 
ge  at  the  rear  and  rounding  forward  to  fit  the  motor  cowl. 
|ji*oH*r  Plant.  A  I  Ul-h.)).  f 'lerget  ffitary  air-cooled  motor  drives 
■blade  propeller  and  is  fed  with  fu;!  hy  means  o\  au  aS.tA'n.Nfcw 
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plunger  piunp  mounted  on  one  of  the  struts.     The  loading  ] 
brake  horsepower  is  4.15  kilos,  empty,  and  5.S5  kilos,  fully  los 

Landing  Gear.    The  landing  gear  la  the  same  as  employed  d 
the  Sopwith  seout  and  "Spad"  biplanes,  consisting  of  twin  Vs 
steel  tubing  and  a  divided  axle,  the  hinge  of  which  is  braced  from 
the  fuselage. 

Armament.  Tlie  Sopwith  triplane  is  built  both  as  a  single  an4 
I  as  a  twoseat  machine  and  always  carries  a  fixed  maj^hiiie  ^uii 
t:placed  aho\e  the  fuselage  and  designed  to  fire  through  the  pro- 
'  peller.  When  an  observer  is  carried,  a  I^ewis  machine  gun  mounted 
a  tiinitiiblc  is  also  fitted. 

Caproni  Triplane.    Some  of  the  hugest  machines  thus  far  b 
?  of  the  Caproni  type,  fitted  with  three  powerful  motors,  twttj 


which  drive  tractor  propellers  while  the  third  is  a  pusher  i 
located  betu-een  the  other  two,  Fig.  .59,     Two  cars  are  fitted  a 
on  some  of  the  trial  flights  made  in  this  country,  a  large  nuni 
of  passengers  have  been  taken  up  at  a  time.    To  prevent  having  n 
use  excessively  large  control  units  in  the  form  of  angle  surfftcfl 
these  units  are  subdivided.    For  example,  the  rudder  consists  6 
three  interconnected  imits.    The-w  big  machines  have  a  t 
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^^^n^^^ing  capacity  and  are  used  largely  for  bombing  expcdi-    ^M 
^Bns.     A  group  of  Caproni  triplanes  h  slion-n  in  Fig,  (Ul.  H 


Fokker  Triplane.  In  the  description  of  the  Sopwith  iriplanes 
ten  from  a  German  peri(«)ical,  excerpts  from  which  have  a!rea<iy 
1  given,  the  writer  in  true  German  fasfhlon  affects  to  regard  it 
mer  cnnteniptnniisly  as  an  aliortive  experiment  which  has  proveJ 
[her  an  eas.v  prey  for  their  flyers.  Bnt  not  long  after  a  Sopwith 
jrfane  had  fallen  into  the  hands  of  the  Germans,  the  Fokker  tri- 
toe,  Fig.  61,  made  its  appearance.  With  the  exception  of  a  few 
{diflcation.s,  such  as  the  use  of  a  smaller  span  for  each  wing  from 
I  top  down,  the  emplojuient  of  large  balanced  ailerons  on  the 
I  wing  only  and  the  introduction  of  features  of  construction 
characteristic  of  all  German  aeroplanes,  it  is  practically  a  replica 
of  the  Sopwith.  One  novel  feature  which  does  not  appear  on  the 
latter  is  the  insertion  of  a  plane  of  wood  veneer  between  the  wheels 
I  if  the  landing  gear.  This  611s  the  entire  width  between  the  wheels 
and  extends  back  of  them  for  some  distance.  As  it  is  given  an 
■ofoil  curve  and  is  presented  at  au  [appropriate  angle  of  inci- 
it,  it  would  add  somewhat  to  the  lift  in  addition  to 
i  the  resistance  of  the  landing  gear  axle. 
Planta.  In  a  biplane  in  which  the  wings  are  of  equal  section, 
I  chord,  approximately  four-^vent\\s  M  V\vk  ^.o^3!^VlftA, "'SSi 
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the  top  wing  must  ciirpj'  an  even  greater  proportion  of  the  total 
load,  the  two  lower  wings  being  made  to  carry  their  share  of  the  top 
plane  load  by  connecting  them  to  the  top  plane  with  extremely  thin 
struts.  As  these  stmts  are  in  tension  they  are  in  reality  ties,  their 
section  being  so  slight  that  thej'  would  not  carry  compression 
stresses  without  buckling.  The  machine  is  of  "wireless"  construc- 
tion, no  wing  bracing  being  employed,  and  this  fact  in  connection 
with  the  high  aspect  ratio  necessitates  a  very  heavy  wing  section. 
To  afford  the  necessary  drift  bracing,  the  spars  are  placed  very 
t'iosc  together  and  inclosed  in  a  box  of  thri'c-ply  veneer.  The  gap 
is  less  than  the  rhnrd,  which  is  offset  by  giving  the  wings  ronsjder- 
iible  stagger. 

MiKrllaiiemiii.  The  tail  plane,  elevator,  and  rudder  are  all 
of  .sheet  steel  with  no  external  hrueing,  an  in  tlie  Albatross,  but  of 
much  thinner  section.  Judging  from  the  engine  mount,  a  rotary 
iiir-cooled  type  was  employed,  no  motor  being  shown  on  the 
machine  exhibited.  The  total  weight  loaded  i.s  about  12.50  ponnds, 
of  which  approximately  4H0  pounds  is  useful  load.  Mounts  are 
fittetl  for  two  synchronized  machine  guns  operated  through  flexible 
cables  leading  to  the  control  lever,  winch  is  uf  conventional  type. 
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If  Branches  of  Military  Aviation.  Military  aviation  service  as 
evelopetl  by  the  needs  of  the  war  hna  tieen  (iividcd  into  fonr  dis- 
tinct branches,  viz,  reconiioissance,  or  scoutinp;  artillery  observa- 
tion, or  itpotling;  bombardment,  or  bombing  attacks;  and  aerial 
iittacks,  for  which  the  so-called  battle  planes  are  designed.  Of 
course,  while  each  one  of  these  branches  of  the  service  is  it  si>eeifi<' 
duly,  to  a  certain  extent  the  same  machine  may  be  called  upon  to 
perform  almost  all  of  them.  For  example,  either  the  scouting  or 
the  artillery  observation  machines  maj-  be  detailed  to  spotting, 
that  is,  observing  the  fall  of  shells  and  communicating  range  cor- 
rectiona  to  the  heavy  batteries  at  the  rear  or  to  taking  photographs 
of  enemy  positions.  Likewise,  the  bombing  plane  niiiy  be  called 
upon  for  battle  duty  sinee  it  is  capable  of  carrying  two  or  more 
machine  guns  and  a  large  supply  of  amniunitiiin  when  not  loaded 
with  bombs,  while  machines  of  all  types  must  be  capable  of  defend- 
ing themselveg  or  of  giving  battle. 

In  general,  however,  the  duties  of  the  lightest  and  speediest 
1  riift  are  confined  to  keeping  the  enemy  back  of  his  own  lines, 
which  means  chasing  and  bringing  down  enemy  aeroplanes  in  order 
that  the  observers  of  the  spotting  machines  may  contiime  their 
work  unmolested.  For  this  pur|Jose  they  are  equipped  with  a 
single  fi.ted  machine  gun  operated  by  the  pilot,  since  they  are 
one-mitn  machines.  The  bombing  aeroplanes  are  employed  chiefly 
for  attacks  upon  railway  stations,  ammunition  dmnpis,  and  the  like 
back  of  the  enemy's  lines  and  on  these  excursion^  they  are  pro- 
tected by  battle  planes  flying  with  but  at  a  considerably  biglier 
altitude  than  the  bttmbers,  while  the  battle  planes  are  in  turn 
protected  by  scouting  machines  at  a  still  greater  altitude  to  guard 
agnirLsT  suq)rise  attacks  from  above.  The  bombing  machines  are 
■ilow  and  heavy  with  limited  maneuvering  ability  so  that  without 
adequate  jtrotection  they  would  fall  an  easy  prey  to  the  speedier 
machines  of  the  enemy. 

French  Machines.  At  the  outbreak  of  hostilities.  S^».twr 
nmhinbtedly  possessed  n   larger  nunilwr   oS    npTi»\AiM\evs  t^aOvs   V\ 

-     -  -        -^  .^ :    _    V.     I 


2  MILITARY   USES  OF  AEROPLANEa 

service  thim  any  other  nation  in  the  world,  l^nforturmtely,  how- 
ever, the  vdue  of  standardization  had  not  made  itself  felt— if.  in 
fiict,  it  can  be  said  tliat  at  tliat  time  design  had  progressed  to  n 
point  that  miule  anything  even  approaching  standanlization  pos- 
sibte  in  aviation.  The  French  aerial  fleet  was  arcttrtiingly  coiii- 
posed  of  a  great  many  machines  of  different  types  and  sizes  whicii 
bad  only  onf  thing  In  conuimn,  their  aliility  to  fly.  Every  u<ti<- 
phkoe  was  chiiractcriKcd  l>y  the  use  of  sjiecial  litlings,  all  of  which 
were  handmade  and  no  two  of  which  were  exacUy  alike,  even  oa 
machinea  of  the  same  make.  Moreover,  althou^  every  one  of 
these  machines  could  fly,  many  of  them  were  of  doubtful  vihw  for 
military  purposes.  This  was  the  case  even  with  some  wdl-kapwn 
types  that  had  particularly  distinguished  themselves  prior  to  the 
war,  so  that  before  the  fighting  had  been  going  on  many  months . 
such  machines  as  the  Bleriot,  Deperdussin,  and  R.E.P.  monoplanes 
had  been  oflficiall}'  abandoned. 

Standardization.  The  aviation  unit  of  the  French  aerial  fleet 
is  termed  an  escadriUe,  which  consists  of  six  machines;  pilots, 
mechanics,  testers,  and  inspectors;  and  the  equipment  required  to 
keep  the  machines  in  repair.  In  view  of  the  fact  that  somethinf 
like  five  complete  machines  are  required  to  maintain  one  in  the  air, 
the  effect  of  the  standardization  order  on  the  strength  of  theFreoch 
aviation  corps  may  be  realized.  There  were  no  less  than  sixty 
escadrilles  employing  the  abandoned  tjpes  of  machines,  one-half  of 
which  were  Bleriot  monoplanes,  and  over  thirty  additional  escadrilles 
of  these  machines  in  reserve  at  the  time  the  order  was  promul- 
gated, so  that  at  one  stroke  the  French  aerial  navy  was  reduced 
by  over  five  hundred  machines.  At  the  same  time  over  four 
hundred  expert  flyers  were  forced  to  go  upon  the  waiting  list 
until  machines  of  the  approved  tjpes  could  be  made  ready  fw 
them. 

When  the  great  number  of  small  parts  required  in  the  con- 
struction of  an  aeroplane  is  taken  into  consideration,  it  will  be 
evident  that  the  problem  of  maintaining  an  adequate  supi^y  of  the 
necessary  replacements  at  the  different  points  scattered  over  ■ 
200-  to  SOO-mile  line  would  inevitably  lead  to  endless  cuifiisiao 
and  delay.  Even  when  flown  simply  for  exhibition  purposes,  the 
Jife  of  an  aeropUme  is  comparatively  short,,  rqMtf*  <** 
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merits  being  tiecessarj-  at  frequent  intervals  to  keep  it  ready  to  take 
the  air.  Under  the  stress  of  military  usage,  the  life  of  a  brand 
new  maeliine  is  reduced  to  terms  of  honrs  and  it  must  be  over- 
hauled after  everT.'  Hight.  An  engafiement  usimlly  means  at  the 
least  that  a  number  of  small  repla«'ements  must  be  made  and  not 
infrequently  several  new  ribs  and  an  entire  new  winp  covering  are 
necessarj-.  Even  though  it  meets  with  no  mishap,  the  motor  is 
taken  nut  of  ser\ioe  after  sevent>-two  honrs  of  flight  and  subjected 
to  a  thorough  overhauling,  so  that  in  addition  to  the  large  number 
of  complete  machines  required  to  keep  six  pilots  in  the  air,  there 
must  be  an  elaborate  stock  of  spares  ranging  from  wings,  motors, 
propellers,  and  fuel  tanks  down  to  the  smallest  screws  and  special 
fittings,  By  restricting  the  number  of  types  of  machines  employed, 
the  numlwf  anfl  variety  of  replacements  neces,sary  is  greatly  reduced 
iind  repairs  are  facilitated. 

freiirh  Ulnnflnrr}  Mai-hiiiFn.  Out  of  the  great  number  of  French 
machines  that  were  in  use  at  the  outbreak  of  the  war.  but  four 
wtrrt-  seleetwl  as  standard  equipment  for  military  service  and  but 
one  of  these  is  a  monoplane.  This  is  the  Morane-Saulnler,  which 
Is  verj'  fust  and  can  also  climb  very  rapidly-.  In  fact,  the  much- 
lauded  (by  the  German  press)  Fokker  is  nothing  but  a  copy  of  the 
Miiraiie-Saubiier,  one  of  which  had  been  captured  intact.  A  large 
nimibcr  of  these  machines  were  made  in  secret,  the  press  mean- 
while being  utilized  to  the  full  extent  to  spreail  broadcast  the 
prophecy  of  a  "worid-bcater"  that  was  to  revolutionize  aviation 
and  sweep  all  enemies  fnmi  the  .skies.  The  entire  fleet  was  released 
on  a  given  day  and  did  considerable  damage  while  it  lasted,  but 
the  destruction  of  some  and  the  capture  of  tithers  by  the  French 
revealed  the  secret  of  tlie  I'okker. 

Of  the  numerous  biplanes  in  use  ut  the  time,  three  were  offi- 
cially approved,  the  Caudron,  Voisin.  and  Fannan  machines  {Henry 
and  Maurice),  so  that  from  the  start  the  monoplane  was  relegated 
to  a  subordinate  position.  Of  the  biplanes,  the  Caudron  is  the 
speediest  in  flight  and  is  very  quick  in  maneuvering,  having  a 
flimbing  spee<l  iif  over  330  feet  jjer  minute.  It  is  a  small  machitie 
rtf  very  light  construction.  The  Farman  biplanes  are  noted  for 
their  endurance  and  reliability,  being  capable  of  remaining  aloft  fuc 
uiiiny  hours  at  a  stretch,  while  the  Voisin  ia  e^V'^cvtOi's  bA'k^w^ 
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for  carrying  heavy  loads,  thus  making  it  capable  of  long  fli^tiQ 
with  an  ample  supply  of  bombs. 

British  Machines.  At  an  early  period  in  the  war  British  ai 
planes  were  pnt  on  a  standard  basis  and  the  number  of  t}"pes  b 
use  limited  to  four  or  fi^'e,  most  of  these  being  the  product  of  the 
Royal  Aircraft  Fattory,  which  is  in  itself  an  aeronautical  In-rtiltt' 
tion  rather  than  simply  a  manufacturing  plant,  since  all  cliangra  ii 
design  and  construction  must  be  appmved  by  tlie  R.A.F.  hefore 
being  officially  adopted  and  all  machines  built  in  Great  BnUtk 
must  pass  the  inspectors  at  the  factory  before  l)cing  officiall] 
approved  for  service.  Some  typical  British  machines  in  the  diffep 
ent  branches  of  the  service  are  the  R.E.  types  usi-d  for  sroutio( 
(the  letters  are  followed  by  a  number  to  indicate  the  model),  1 
Sopwith  u.se(i  for  artillery  observation,  and  the  Handley-Pa 
employed  for  bombing  service. 

Italian  Machines.  In  the  Italian  service,  which  only  cai 
into  prominence  during  the  third  year  of  the  war,  the  I'omifo 
liiplanes  are  emiiloyed  in  different  sizes  for  scouting  and  ohseni- 
tioii  work  as  well  as  for  battle  use,  while  the  huge  Caproni  w* 
jdaiies  are  <tesigned  particularly  ff)r  bombing  attacks,  l)eirig  capBhli 
of  carrying  loads  far  in  excess  of  most  of  the  aeroplanes  built  f* 
this  service. 

German  Machines.  With  the  exception  of  the  Tanlie  (EtncU 
mouopliine.  which  was  developed  several  jears  prior  to  the  w. 
tJie  Germans  have  shown  the  same  lack  of  initiative  in  origintuol 
tjTJes  of  aerojilanes  that  has  characterized  them  in  other  fieWs* 
invention.  Mo.st  of  their  aeroplanes  accordingly  have  been  wpW 
or  adaptations  of  French  t.vpes,  usually  of  heavier  conslnictioi 
and  equipped  with  very  powerful  motors  but  seldom  cqualliog  tl 
latter  in  s))eed  or  rapidity  of  maneuvering,  though  the  intrrpidit! 
and  skill  of  the  French  pilot  may  have  been  responsible  for  nw 
of  the  superiority  in  this  respect.  The  Rumpler  and  the  .Mbatit 
are  the  chief  t.\Txw  devoted  to  reconnoissance,  the  former  usu* 
Wing  referred  to  as  a  Taulje  (dove)  since  it  has  the  »ajiie  I 
.sliajx-d  wings  fn:»m  which  the  Albatross  took  its  name.  For  b 
i[ig  attacks  the  Gotha  and  Aviatik  constitute  the  chief  reliances 
the  Germans,  while  for  artillery  observation  and  general  aviati«< 
.sen-ice  the  Halberstadt  is  emvW«^^i^\'M^\w33\bers.    The  G"tf 


t 


MILITAKV    U.SES   ()K   AElilU'LAXKS 


,ttle  plane  is  often  equipped  with  as  many  as  three  or  four  machine 
ns,  one  of  which  is  placed  so  as  to  fire  to  the  rear  and  downwanl 
rough  a  tunnel  in  the  bmly. 

»  ARMAMENT   AND   PROTECTIVE   DEVICES 

QUN  EQUIPMENT 
Single-Seat  Aeroplanes.  When  aeroplanes  were  fii-st  employed 
r  scouting  purposes  alone,  the  onlj'  weapons  carried  were  auto- 
itic  revolvers  but  even  at  the  closest  ranges  possible  it  proved  tn 
out  of  the  question  to  inflict  any  serious  damage  upon  an  oppo- 
nt  with  them;  the  next  step  was  to  use  rifles,  but  these  also  were 


■ffective,  so  that  it  bvcaine  necessary  to  mount  light  machine 
[IS.  In  the  case  of  the  high-speed  one-man  machines,  the  gun  is 
idly  fixpfl  to  the  cowling  in  front  of  the  pilot  and  is  dcsigne<l  to 
;  through  the  prfipeller.  To  avoid  strikhig  the  latter,  the  gun  is 
.uaily  fired  by  a  cam  device  operated  bj-  the  motor  and  SJ^1- 
•onizcd  with  the  latter  so  that  the  bullets  leave  the  gun  when 
t  propeller  blades  are  out  of  the  line  of  fire.  Pressing  the  trigger 
ii;i  this  mechanism  into  operation  so  that  the  gun  continues  to 
.(■-  long  as  the  trigger  is  held  down  or  until  t\\e  \w\\.  o\  cmV 
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ridges  is  exhausted,  in  other  words,  H  fires  id  exactly  the  sune 
manner  as  an  automstic  machine  gun  operates  odinarily.  As 
origiDaUy  used,  the  propeller  was  protected  by  metal  bands  and  do 


attempt  was  made  to  synchronize  the  firing,  Fig.  1 .  On  an  soo- 
plane  of  this  t>-pe,  the  entire  machine  must  be  aimed,  exactly  i^ 
in  the  case  of  a  submanne  firing  a  torpedo,  and  the  usual  practii'i' 
is  to  head  right  for  the  enemy,  from  below  and  the  rear  if  possiblr. 
letting  fly  a  hail  of  bullets  as  soon  as  within  effective  range  and 
then  swooping  up  over  liini.  In  such  encounters  the  attacker  wait* 
until  within  a  ver\-  short  <listance  of  the  enemy  aeroplane  befitrc 
firing,  but  wlien  pursuing  an  enemy  machine  the  gun  is  brouglii 


■"-^f^ 


into  play  at  verj-  much  longer  ranges.  Fig.  2  illustrates  the  g"" 
mounting  of  a  Fokker  monoplane  anil  Fig.  3  the  wing-tj-pe  mourn- 
ing of  a  Nieuport. 

Two-Seat  Aeroplanes.  On  two-seat  madiines,  two  or  mixt 
machine  guns  are  mounted,  one  firing  directly  ahead  and  tlK  otbff 
arranged  so  as  to  fiie  over  the  upper  wing  of  the  aeropwK.  ** 
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shown  in  Pig.  4.     This  illustration  shows  Major  Bishop,  a  Cana-  , 
dian  aviator^  with  an  American  Lewis  gaa.    At  th^  time  this  inctOR 
was  made,  he  had  accounted  for  no  leas  than  forty-seven  enaof 


machines.  It  will  he  noted  tliat  in  this  position,  the  gun  has  a 
much  wider  effective  sweep  and  can  be  used  against  an  enemy 
almost  du-ectly  overhead  as  well  as  at  many  other  angles  at  which 
the  fonvard  gun  would  be  out  of  action.  In  neither  of  these  loca- 
tions, howe\'cr,  is  the  machine  gun  of  any  use  against  a  pursuing 
enemy,  so  that  in  some  instances  the  second  giui  is  mounted  fo 


Fin  with  laie-lT  Oottu 


that  it  can  be  trained  directly  astern  or  a  third  machine  gun  ^ 
located  so  as  to  bear  in  this  direction,  Fig.  5.  In  the  Goth* 
(Gennan)  of  which  a  number  have  been  captured,  the  gun  may  bf 
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red  downward  as  well  as  ^tern,  this  being  made  possible  by  mount- 
ig  it  on  the  floor  of  the  body  of  the  aeroplane,  pointing  aft  through 
tunnel  arranged  for  that  purpose.  Fig.  6  shows  the  restricted 
ngle  of  fire  of  an  Aviatik,  while  Fig.  7  shows  the  all-around  zone 
F  fire  possible  with  the  three-gun  Gotha.  The  various  t>T)es  of 
rerman  machine-gun  anmiunition  are  shown  in  Fig.  8.  French 
eroplanes  are  equipped  with  the  Hotchkiss  or  Berthier  light 
lachine  guns  while  the  British  machines  carry  the  Maxim  or  Lewis. 
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ORDINARY  ARMOR         INCENDIARY       EXPL05IVE 

PIERCIN6         TQACIN6 

Fi|[.  8.     Machine-Gun  Amznuiiition  Used  on  German  Aeroplanes 

Lewis  Machine  Qun.  The  Lewis  gun  fulfills  the  requirements 
F  a  light  and  simple  type  of  machine  gun  caj)able  of  rapid  and 
istained  fire  in  any  position  and  was  adopted  at  an  early  period 
I  the  war  by  the  Royal  Flying  Corps.  Large  numbers  of  these 
ins  have  since  been  employed  in  this  service  and  with  the  aid  of 
tracer  bullets"  (which  leave  a  trail  of  smoke)  to  show  the  direc- 
on  of  fire  with  relation  to  the  target  have  proved  very  effective 
T  aeroplane  work.  The  gun  is  practically  an  enlarged  edition  of 
le  automatic  pistol,  in  that  it  requires  no  external  accessories  for 
eding  or  cooling.  It  weighs  26  pounds,  is  magazine  fed,  and  irvvjcv 
i  fired  with  equal  effectiveness  at  any  angle  or  *\u  awy  =^v>^\^AVi\\, 
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The  magazines  are  flat  notchetl  discs,  Fig,  9,  and  hold  either 
forty-seven  or  ninety-seven  cartridges.  To  feed  the  gun,  a  loaded 
magazine  is  latched  on  the  magazine  post  and  it  then  forms  a  part 
of  the  anil,  requiring  no  furtlier  attention  until  empty,  when  it  may 
be  replaced  as  quickly  as  an  empty  magazine  h  dropped  out  of  an 

■tnatic  pistol  anil  u  londeil  one  inserted. 
Air  CixAhig.  'I'hc  chief  a<lvantage  of  the  Lewis  gun  for  field 
ce  is  its  system  of  air  cooling.  The  barrel  is  entirely  sur- 
rounded by  a  light  sheet-steel  housing  supiiortetl  by  radial  fins  of 
aluminum  extciidiiig  its  entire  length,  the  high  thermal  conductivity 
and  lightness  of  this  metal  making  it  very  effective  for  this  piupose. 
This  is  known  as  the  radiator  and  with  its  numerous  fins,  presents 
a  large  amoiuit  of  heat-<lisHipating  surface  to  the  air.  To  increase 
its  efficiencj',  it  is  open  at  both  ends,  is  tapered  forward,  and 
extends  well  beyimd  the  muzzle  of  the  rifle.  This  causes  the 
niuzzle-blast  to  draw  cihjI  air  through  the  open  rear  end  of  the 
housing  and  over  the  radiating  (ins  each  time  a  shot  is  fired  so 
that  while  firing  automatically  a  steatly  column  of  air  passes  over 
the  radiator  at  high  velocity,  carriing  off  the  heat  transmitted  by 
the  barrel. 

Details  of  Artivn.  As  in  all  automatically  operated  arms,  a 
Ijorlion  of  the  explode<l  gases  under  high  pre.sBnre  is  utilized  to 
work  the  action.  This  escapes  from  the  barrel  through  a  small 
port  near  the  muzzle  and  is  led  into  a  cylinder  beneath  the  latter. 
In  this  cylinder  there  is  a  piston  and  rod  (termed  the  operating 
nid),  which  are  driven  back  against  a  spring  each  time  the  gun  is 
fired.  "This  nxl  opens  the  action  and  is  returned  to  its  working 
position  by  the  mainspring,  "Opening  the  action"  consists  of 
unlocking  and  withdrawing  tlie  breech  bolt  and  ejecting  the  spent 
etuftridge.  The  same  imjiulse  also  serves  to  carry  a  fresh  cartridge 
1  the  magazine,  by  means  of  the  feed  arm,  into  the  feeding  ]>osi- 
L  to  rotate  and  liK-k  the  magazine,  and  to  wind  np  the  mainspring, 
the  trigger  has  been  held  back  during  this  process,  tite 
ntion  is  completed  by  the  reclosing  of  the  action  antl  the  firing 
next  cartridge,  followed  by  a  rei»etition  jjs  long  as  the 
tzine  holds  any  cartridges.  Other«'ise,  the  sear  engages  with 
btch  in  the  operating  rod  and  the  gim  remama  vi\  \\\e  "tc*&s 
iition  with  the  action  open  and  tW  cVvawA^x  env^^s- 
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This  is  an  advantage  since,  if  a  machine  gun  was  left  loaded  after 
firing  for  some  time,  the  heat  of  the  barrel  would  soon  fire  the 
cartridge.  When  the  trigger  has  been  released  after  firing,  the 
closing  stroke  of  the  action  does  not  occur  until  pressure  is  again 
applied  to  the  trigger,  drawing  the  sear  out  of  engagement  with 
its  notch  in  the  operating  rod.  Power  for  the  closing  stroke  is 
supplied  by  the  mainspring,  which  rotates  a  gear  and  drives  the 
operating  rod  forward  into  working  position  again  by  means  of  a 
rack  cut  on  the  under  side  of  the  rod  with  which  this  gear  meshes. 
This  is  a  simple  reversal  of  the  movement  by  which  the  spring  is 
wound  up  by  the  firing  of  the  gun.  With  this  closing  stroke,  the 
breech  bolt  drives  the  cartridge  in  the  receiver  ahead  of  it  into 
the  chamber.  The  bolt  is  cammed  around  the  lock,  the  extractor 
take  hold  of  the  rim  of  the  cartridge,  while  the  feed  arm  is  returne<l 
to  its  position  at  the  right,  the  striker  then  coming  down  on  tlu' 
primer  of  the  cartridge  and  firing  it  at  the  end  of  the  stroke. 
The  moment  the  bullet  passes  beyond  the  gas  port  in  the  baml 
the  operation  is  repeated. 

Breech  Mechanism,  Despite  the  apparent  complication  of  tlie 
action,  as  judged  from  the  description  necessary  to  outline  it,  tlu' 
piece  is  very  sinij)le  and  may  be  dismounted  in  its  entirety  with 
the  aid  of  a  single  small  spanner  and  a  cartridge.  The  breech  bolt 
rotates  to  lock  and  inilock  and  has  four  substantial  locking  luirs. 
The  bolt  carries  two  extractors  lyin^  in  recesses  at  the  top  and  side 
and  the  ejector  is  pixotcd  at  the  left  of  the  boltway  in  a  recess  in 
the  receiver.  To  j)ut  the  gun  into  action  at  the  start,  the  chargini: 
handle  is  drawn  back,  which  action  cocks  the  gun,  and,  if  it  is  then 
to  be  fired,  the  *'safety"  is  pn^ssed  down.  The  **safety"  consists  of 
a  plate  sliding  in  guides  on  the  left  side  of  the  receiver  and  having 
in  its  u])]HT  (^(l^^e  two  recesses  designed  to  engage  the  charging 
handle,  one  in  the  forward  position  (uncocked)  and  the  other  in  the 
rearward  position  (cockiMl).  Hy  raising  the  safety  plate  and  pulling 
the  trigger  wIkmi  cocked,  the  gun  is  locked  against  accidental 
discharge.  When  in  the  raised  position,  the  safety  closes  the  slot, 
in  which  the  charging  handle  slides  in  the  left  side  of  the  receiver, 
and  prevents  dirt  from  getting  into  the  action. 

Magazine,    The  magazine  is  a  circular  steel  drum  with  an 
a/uininum    c*enter.    TW   <:*AYli\vi^<c's  >Mce  placed   in   the   magazine 
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radially  and  their  ends  are  engaged  by  a  deep  spiral  ftroove  in  the 
aluminum  center.  The  complete  magazine  is  latched  on  the  mag- 
azine post  which  holds  the  center  stationary  while  the  nmsazine 
pan  holding  the  cartridges  is  rotatt-d  about  it  to  drive  the  cart- 
ridges down  the  groove  of  the  aluminum  center  until  each  is  reached 
in  succession  h_\-  the  feed  arm.  No  delicate  adjustment  is  required 
in  putting  the  magazine  on  or  in  removing  it.  so  that  the  gun  may 
be  loaded  with  equal  fdcility  in  darkness.  The  operation  may  be  car- 
out  with  one  hand,  the  thumb  being  utilized  to  lock  the  latch. 
The  gas-operated  mechanism  neutralizes  the  recoil  to  Hiich  an 
tent  that  the  piece  may  be  firetf  from  the  slioulder  efFectively, 
while  the  heavy  section  of  the  radiator  fins  provides  a  support  for 
the  barrel  that  damps  the  vibration  to  a  degree  that  makes  it 
jjossible  to  fire  single  shots  on  the  same  line  of  sight  as  that  of  full 
automatic  fire.  A  later  motlel  Lewis  gim  which  has  been  adopted 
fur  American  aviation  service  has  no  radiator. 

^H  METHODS    OF  DEFENSE 

^^P     Armor.     Even  though  machine  guns  spray  bullets  at  the  rate 
of  40()  to  GOO  a  minute,  their  fire  is  not  alwaja  effective  even 
though  the  bullets  strike  the  aeroplane,  since  the  wings  may  be 
shot  almost  to  ribbons,  ribs  broken,  and  bracing  wires  parted  with- 
out putting  the  machine  out  of  action.     To  accomplish  this,  it  is 
necessary  to  strike  some  part  of  the  motor  (such  as  the  carbureter 
^^jc  the  ignition  wiring),  to  penetrate  the  fuel  or  the  oil  tanks,  or,  of 
^^wrae,   seriously   wound   or   kill  tlie  aviator.    To   guard   against 
^Hfory  to  the  vital  parts  of  the  mechanism  and  the  fuel  containers, 
^^ftme  of  the  heavier  types  of  machines  have  been  armored,  the 
nat-elle,  or  part  of  the  body  forming  tlie  cockpit  fur  the  pilot  and 
the  observer,  being  enclosed  with   light  steel  platiug  of  sufficient 
hardness  to  turn  machine  gun  bullets.     But,  exactly  as  has  been 
the  ease  in  naval  practice,  the  adoption  of  armor  has  led  to  the 
employment  of  heavier  guns,  the  latest  tj^es  firing  a  shell  which 
is  about  I  inch  i:i  liiameter  and  is  capable  of  piercing  the  armor  of 
an  aeroplane  at  lllUO  yards. 

Smoke  Screens.  An  expedient  adopted  by  the  Germans  early 
illie  war  to  enable  their  tiyers  to  escape  an  eiiemy  li.'MvaXcn  v*  V»ft 
^  of  a  finoke  bali.    This  is  practicall}^  a  \nw  exyVosiwe  ^mSw. 
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is,  one  containing  but  a  small  amount  of  explosive  and  a  large 
amount  of  material  that  serves  to  create  a  dense  doud  of  black 
smoke  so  that,  when  the  airman  is  hard  pressed  and  is  seeking 
escape  rather  than  battle,  he  ignites  one  of  these  smoke  balls  and 
tosses  it  out.  The  pall  of  black  smoke  that  en3ues  prevents  the 
pursuing  gunner  from  taking  aim  and  permits  his  quarr>'  to  change 
his  course  unseen  and  obtain  a  substantial  lead  before  he  again 
becomes  visible.  This  method  is  simply  another  adaptation  of 
naval  tactics,  since  destroyers  employ  a  smoke  screen  to  shield 
their  convoy  or  a  battle  fleet.  On  calm  days  when  there  is  but 
little  wind,  a  squadron  of  oil-burning  destroyers  can  create  a  smoke 
screen  that  covers  a  wide  area  and  hangs  over  the  sea  for  a  con- 
siderable period  of  time. 

Camouflage.     Compelled  to  fly  at  ever-increasing  altitudes,  due 
to   the   constantly   improving   marksmanship   of  the   anti-aircraft 
batteries,  and  to  keep  continually  on  the  move  at  high  speed  and 
with  frequent  changes  of  elevation,  the  task  of  the  aeroplane  scout 
has  never  proved  as  easy  as  theory  would  indicate.     But  despite 
all  these  handicaps,  efl'eetive  work  is  possible,  though  from  a  height 
ever\lliing  on  the  ground  becomes  flattened  out  to  the  observer's 
view  and  experience  is  necessary  to  distinguish  and  identify  differ- 
ent objects.     To  all  these  difficulties,  however,  there  has  been  added 
that  of  camouflage,  a  term  that  covers  military  dec*eption  of  every 
nature.     Briefly    summed    up,    camouflage   consists    of   making  it 
difficult  for  the  observer  to  obtain  information  of  value  and  at  the 
same  time  spreading  before  liim  an  array  of  things  which  have 
every  appearance  of  being  the  objects  he  is  seeking  to  discover. 
These  range  all  the  way  from  Quakers  (dummy  guns),  which  fire 
harmless  charges  of  smoke-producing  explosive,  to  dummy  trenches 
wliich  are  dug  for  no  other  purj)ose  than  that  of  deception.    In 
fact,  there  is  scarcely  any  item  of  military  equipment  large  enough 
to  be  visible  from  aloft  that  has  not  been  imitated,  while  the  gen- 
uine is  so  carefully  concealed  that  it  is  exceedingly  difficult  to  detect 
it  at  close  range  even  on  the  ground.     Guns  and  houses  are  painted 
to  blend  with  the  skyline  or  with  the  landscape  back  of  thenii 
while  entire  batteries  and  ammunition  dumps  are  covered  with 
brush  and  tree  branches  so  that  from  above  they  are  completely 
invisible.     Dugouts  are  cleverly  masked  while,  whenever  possible, 
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Ivancing  troops  go  forward  under  cover.  On  the  other  hand,  a 
mil  body  will  sometimes  be  paraded  along  a  road  to  simulate 
issed  troops  approaching  the  front  when  the  actual  preparations 
!  going  on  in  nn  entirely  different  sector. 

I'robahlv'  the  greatest  \'alue  of  camouflage  has  been  the  pro- 
Etion  of  important  lines  of  communication  from  aerial  observa- 
Roads  stand  out  clearlj-  against  tlie  surrounding  landscape 
t  that  any  line  of  movement  on  them  is  rea«Iily  detected  even 
I  high  altitudes  and  as  they  form  a  much  easier  mark  to  hit 
1  an  isolated  object,  such  as  a  building,  the  raiding  aviator  is 
to  using  his  supply  of  bomhs  on  them  whenever  moving 
BJects  appear.  Before  camouflage  had  been  developed  to  its 
^sent  status  as  an  art,  this  frequentlj-  made  it  dangerous  tu 
rapt  to  bring  up  supplies  or  Hmmunition  during  the  day.  It 
has  consequently  become  customary  to  cover  such  roads  with 
strijis  of  fabric  elevated  on  poles  and  closely  spaced,  or  on  some 
occasions  the  entire  road  i.s  covered  for  miles  with  fabric  painted 

IK   same  shade   as   the   ground   directly   adjoining   the   roadbed. 
Kneath  this  protective  screen  heavj'  traffic  is  carried  on  without 
Re  slightest  Hp[iearance  of  activity  when  viewed  from  above. 
I  ANTI-AIRCRAFT  QUNS 

I      Requirements  of  Guns.     Coincident  with  the  development  of 
M  dirigible  and  the  aeroplane  as  a  fourth  arm  to  the  military 
ptablishments  of  most  civilized  countries,  efforts  have  been  directeil 
oward  the  evolution  of  an   ami   particiilarlj'  adapted  to  bringing 
down  these  ships  of  the  air.     The  great  difficulty  of  hitting  an  air- 
ship makes  the  usual  methmis  of  warfare  tfitallj'  inadequate.     The 
fire  of  infantry  and  even  that  of  machine  guns  is  of  little  use. 
despite  their  momentar\-  mass  effect,  because  of  the  limited  range 
iind  effectiveness  of  the  projectiles  and  the  impossibility  of  observ- 
ing  their   flight.     Field   and  siege  guns  cannot  be  elevated  suffi- 
ciently and  howitzers  are  deficient  in  range  ami  rapidity  of  fire.    All 
^^^ese  classes  of  artillery  are  lacking  in  proper  horizontal  angular 
^^bge  and  visibility  of  projectiles,  their  deficiencies  having  been 
^^Bved  by  experiment. 

^^B  Special  guns  are  therefore  required  and  n»  little  attention  ba& 
^^Bn  gi^*en  their  design.    Various  t>-pt's  of  such  f!\iu%  Wvt^  \ft«^^| 
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developed  in  tiiis  country  as  well  as  byEhrlinrdt,  Krupp,  Scho 
Skoda.  Vifkfrs-Mfixini,  and  others  abroad.     Bet-aiisc  of  its  ? 
weight,  and  strength  the  autoniol>ile  is  particularly  tulupted  i 
only  for  carrying  light  guns  of  this  t)^)^  but  also  fur  pruviilin 
platform  from  wliich  they  can  be  fired  with  a  reasonable 
.accuracy.     Indeed  the  artillery  motor  car,  armor-pIatcd  and  can; 
ing  a  gun  bolted  directly  to  its  chdussis,  is  tlie  natural  counterptf 
of  the  familiar  armored  train,  and  quite  a  number  of  arnjored  a 
semi-armored  automobiles  carrjing  aerial  guns  have  been  licv^lut 


Bbroad.     Fig.  10  show*  the  gun  in  action,  while  Fig.  11  shows  tl 
complete  mobile  battery  on  the  road. 

Guns  emiiliiycd  for  (ittticking  airships  or  flj'ing  maehincsi 
pos.'teaa  a  maximum  elevation  of  at  least  70  degrees,  a  horiitont*! 
angular  range  of  -iW  degrees,  and  must  further  be  capable  of  rapiJ 
Imiidling.  In  Elirhardt's  "j-eentinirter  (2-inch)  automobile  pm  an 
ttttnnpt  is  made  to  satisfy  llie«-  requirementa  by  aiming  iJic  pi" 
wliieh  h  supported  at  its  center  of  gravity,  with  the  aid  of  " 
shoulder  rest  to  which  the  sights  are  attaclied.    Tias  metliod  ^i ' 
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a  maximum  elevation  of  70  degrees.  The  gun  is  mounted  in  an 
armored  turret  witli  a  lateral  range  of  GO  degrees  to  right  and  left, 
the  turret  itself  fonning  part  of  a  eompletely  armored  automobile. 
The  same  gun  is  also  mounted  on  a  semi-armored  car,  giving  the 
gun  a  horizontal  range  round  a  complete  circle, 

Krupp  has  developeil  guns  of  2.6-,  2,8-,  3-,  and  4.2-ineh  caliber, 
the  tnmniona  close  to  the  breech  and  having  a  maximum 
rvation  of  7-5  degrees.  As  employed  on  automobiles,  ships,  and 
rtifications.  the  guns  are  mounted  on  carriages  which  rotate 
^pivots,  while  for  field  use  a  wheel  carriage  with  a  two-part  axle. 


*  halves  of  which  are  attached  by  hinge  joints  to  the  front  of, 
long  carriage,  is  employed.  The  rear  end  of  the  carriage  is 
pivoted  to  a  rail  resting  on  the  ground.  If  both  wheels  are  brought 
in  frfint  of  and  locked  ln;iiealh  the  gun,  the  latter  can  be  revolved 
oilirely  round  the  pivot  so  as  to  point  in  any  direction  by  turning 
[  wheels  by  haml.  Small  chauges  of  dirc<,-tiun  are  obtained  by 
i  of  an  uppiT  i.'arriage  which  can  be  turned  5  degn-es  to  tlic 
:  or  left, 
i  Tlie  Schneider  weapon  is  a  I.9-iach  G()-caliber  giuv  n\«MvAsA\vi 
mored  turret  carried  on  a  completely  anuoieA  aviXoixK\-i^.  "^ 
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can  be  elevated  70  degrees,  while  the  turret  can  I 
I  round  a  complete  circle.    The  Skoda  is  a  1,5-inch  70-caliber  ; 
I  (caliber  in  this  connection  refers  to  tlic  length  of  the  gun)  with 
I  maximum  elevation  of  80  degrees.     The  Yiekere  firm,  which,  accon 
I  ing  to  report,  has  brought  out  a  6-inch  field  howitzer  suitable  tt 

',  against  airships,  has   also  produced  a  l.ft-inch  ;i-pounder  i 
I  designed   for  use  on   fortifications,   ships,   and   automobiles.    Ill 
I  maximum  elevation  of  90  degrees  is  claimed  for  this  gun  which,  li 
]  Krupp's,  has  its  trunnions  near  the  breech   and   is  elevated  by 
I  rack  and  pinion. 

The  aiming  mechanism   of   a  gun  employed  against  i 

enables  the  gun  jKiinter  to  follow  everj'  movement  of  the  swiftly  fijl 

f  adversary.     With  Ehrhanlt's  gun,  this  is  efTectcd   by  sighting  1 

'  with  a  rifle.     Krupp  employs  two  parallel  connectefi  telescopes  id 

verticals  and  reflecting  eyepieces.     One  man  aims  the  gun  with  t 

aid  of  one  telescope;  another,  using  the  second  telescope,  elex-atl 

the  gun  and  fires  at  tlie  most  favorable  moment,  without  oral  c 

sultation  with  his  partner.     On  steeply  sloping  land  tlie  elevatiq 

required  for  a  given  range  cannot  be  obtalneil  aceurutcly  from  n 

published  tables,  so  the  telemeter  is  used  instead.     The  ne< 

I  rapiditj-  of  fire  is  obtained  with  a  self-closing  breech,  while  pi 

'  range  and  accuracy  are  secure*!  by  the  employment  of  an  untisiial 

i  long  gun  and  high  niuxzle  velocities. 

Ammunition.     In  airship  warfare,  the  question  of  ammunitil 

is  particulHrl.\-  important.     Owing  to  the  extreme  dlHicuIty  of  seoti 

I  direct  hit  against  a  mark  moving  at  such  high  speed  and  in 

direcfjun  which  cannot  always  lie  accurately  determined  trfym  t 

ground,  shrapnel  has  been  found  tu  l>e  the  only  practical  tj-pci 

,  shell.     A  whole  battery  <if  anti-aircraft  guns  concentrates  its  fire( 

a  single  aenijilane  or  dirigible  and  while  the  expenditure  of  amini 

nition  is  enormous  many  machines  have  been  brought  down  a 

more  prevented  from  taking  {»bser\ations.     As  tlie  hostile  alrsbi 

J  usually  visible  only  for  a  short  time  and  sometimes  mov(»  vtf 

swiftly,  it  cannot  be  hit  by  direct  aiming,  even  with  the  cbjiI 

observed  fire  shells — i»  l\pe  of  projectile  that  lea^e^  a  trail  of  Gl 

<  at  night  and  of  smoke  in  the  daytime.     In  order  to  utilise  fill 

J  the  few  favorable  moments,  a  number  of  shots  are  fired  in  np 

mBUCceasioti,  varying  slightly  m  lUreilion  and  etevulion  hut  aimed 
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ineral  accordance  with  tlie  measured  or  estimated  distance  with 
proper  allowance  for  the  slope  of  the  land  and  in  accordance  with   , 
corrections  baaed  on  ob3er\ation5  of  the  visible  flight  of  the  aue- 
shots. 


I 


SCOUTING    AND   SPOTTING 

HECONNOISSANCE 
Value  of  Aeroplane.     It  is  evident  from  the  section 


Military  Aviation" 
of  the   belligerents  ha 


that  the  sn-ciiHic 


fnurth   . 


Branches 
of  each  one 


employed  l>eing  limited  to  the  minimum  iiec-eaaary  tu  perform  cer- 
tain specialized  functions.     Prior  to  the  war  it  was  considered  that 
the  aeroplane  would  be  of  military  value  chiefly  in  scouting  and  in 
bombing  and  likewise  that  its  greater  speed  and  ease  of  handling   i 
would  make  it  5o  superior  to  the  dirigible  for  scouting  that  1 
lightcr-than-air  craft  would  l«-  of  little  vidui-.     KTt^T\et\e«  \v«ia.  \ 

I  ma' "       I  
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I  entirely  substantiated  this  view,  however,  since  the  dirigible  fc 

I  prijvcd  of  considerable  value  as  a  scout  and  the  captive  ballq 

has  shown  its  superiority  to  tlie  aeroplane  an  a  means  of  artlDe 

L  oliservation.    Moreover,  the  valu?  of  the  aeroplane  ia  attaddif 

■  cither  troops  or  fixed  objects  on  the  ground  has  been  proi'cd  h- 
I  expfrienec  to  be  more  theoretieal  tban  real.  Some  verj-  »uccrs!fiii 
I  btind>ing  expeiJitinns  have  been  carried  out  but  their  number  L- 

only  a  small  per  cent  of  the  number  of  failures  scored  in  thia  fiel't 

■  by  lx)th  aides. 
For  reconnoissance  work,  Fig.  12,  the  great  advantage  t 

laeruphine  lies  in  its  speed  and  in  its  abiUty  to  change  its  altil 


ui  Hern  by  u  ATietot 
fonrtrau  d/ f 

rapidly  and  frequently.  Since  a  variation  of  only  100  to  200  feft 
which  ia  acarcoly  dislinpiishahle  from  the  ground  when  at  a  Iiriifli' 
of  .tOOO  feet  or  over,  is  sufficient  to  i\irovr  out  tlie  ranjte  of  on 
anti-aircraft  gun.  nn  aeroplane  is  an  extremely  difficult  object  l" 
hit.  Despite  its  high  speed,  the  observer  in  an  aeroplane  < 
gather  mnaidcrable  information  with  fair  accuracy  m  a  surprisin* 
[  short  tunc  and  can  also  verify  it  to  a  certain  extent  with  the  > 
'  tilt*  coiaem,  since  the  photographic  lens  has  a  much  hroBd*"* 
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1  and  is  more  accurate  thau  the  human  eye.  The  observer 
must  see  ami  identify  objects  to  hia  own  satisfaction  in  a  very 
short  space  of  time,  whereas  the  })hotographic  print  may  be  micro- 
icopically  examined  in  comparative  leisure  and  objects  which  from 
an  altitude  appeared  to  the  observer  to  be  one  thing  prove  in  the 
^botogrnph  to  be  soniething  totally  different. 

Aerial  Photography.  While  both  the  artillery  observers  in 
■aptive  balloons  and  the  observers  in  aeroplanes  on  reconnoissant^ 
luty  become  very  familiar  with  the  details  of  the  terrain  over 
vliich  they  are  stationed,  it  b  obviously  impossible  for  the  human 


min  to  record  more  than  a  sjnall  percentage  of  the  great  nimiber 
if  objects  to  be  seen  in  even  a  limited  area.  Moreover,  the  speeil 
it  which  the  observer  is  carried  along  prevents  detailed  study  at 
eisure,  while  the  extreme  altitude  from  which  objects  are  viewed 
limtnates  all  perspective  so  that  they  are  extremely  diHicult  to 
Jentify.  Pliotograpliy  has  accordingly  become  a  very  essential 
lart  of  recoanotssance.  Its  employment  for  military  purposes  is 
luthiiig  new,  since  it  was  attempted  from  captive  balloons  in  the 
i\il  war.  but  in  the  present  war  it  has  assumed  a  degree  of  impor- 
I  c  hitherto  unthought  uf  and  large  numbers  of  flifeht^  ■«t\fta&K. 

«-  -      - 1 
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daily  for  the  sole  purpose  of  making  ii  st-ries  tif  pholi^mphs 
enlarging  the  prints  and  piecing  tlieni  together  the  most  aw 
map  obtainable  of  an  entire  sector  is  made  available  for  f 
Defense  lines.  Fig.  i;i,  gun  placements  (and  the  dummies  ere 

t especially  for  the  purpose  of  deception),  shell  craters,  troop  arnvt' 
ments.  Fig.  14,  and  the  preparation  of  new  defenses  arc  all  shown 
'1 


clearly  on  a  large  scale  and  Mich   illustrations  ah.iist  malenaJly 
correcting  ranges  besides  affording  inforniatioH  for  ofTensivea  •!» 
for  preparations  to  meet  enemy  attacks. 

iSpma/  Cameras  Devehpfd.    To  render  this  iiiforuiattuii  a"rl 
able,  the  photographs  must  he  on  a  scale  large  cnouffb  to  I 
identificHtinii    c-crtain    and    this    ne<'(SMitu(rd    tlrvrloping 


especially  for  the  purpose.  The  increased  accuracy  of  anti-aircraft 
fire  mokes  exposures  from  an  altitude  of  less  tliau  5000  feet  diflB- 
cult,  so  that  the  use  of  long  focus  lenses  is  essential  and  means 
must  also  he  employed  to  offset  the  effects  of  \Hbration  without 
making  the  time  of  exposure  too  short.  Ordinar>'  hand  cameras 
were  employeil  at  the  outset  but  naturally  proved  inadequate. 

A  large  nimiber  of  special  cameras  have  been  developed,  some 
of  which  are  so  bulky  and  fieavj-  that  the  body  of  the  aeroplane  is 
specially  tlesigned  to  awommodate  them.  Some  of  these  cameras 
weigh  close  to  200  pounds,  expose  a  plate  17  by  21  inches,  have 
lenses  of  a  focal  length  up  to  36  inches  and,  at  ordinary  altitudes, 
take  a  photograph  showing  the  terrain  below  on  a  scale  as  large  as 
iVsu.     For  ordinary  use,  however,  a  maRa/ine  camera  using  a  plate 


^H  riB.  Ki      Eii!>linnii  Clnmcrii  l'>r  Ai'tnplnne  tV 

or  film  4  by  ij  inches  and  having  a  12-  to  18-incli  lens  is  used.  By 
i-inplr>ying  len.ses  as  large  as  this  with  such  a  small  plate,  sharp 
(ii'finition  Is  obtained  without  the  necessity  of  stopping  the  lens 
«lowi],  so  that  even  on  the  scale  thus  obtained  (from  sifaTs  to  j-iW 
upproxlmately  at  an  altitude  of  5("HH)  feel)  objects  may  be  readily 
identified.  It  is  ()F  the  greatest  importance  to  be  able  to  use  the 
full  opening  of  the  lens,  since  the  exposure  must  be  rapid  and  most 
of  the  (lights  For  photographic  purposes  are  carried  out  shortly 
after  dawn  or  late  in  the  afternoon,  when  the  light  is  poor. 

Cameras  of  this  tj-pe  are  either  suspended  from  some  part  of 
the  aeroplane.  Fig,  15,  where  they  are  easily  accessible  for  working 
Uy  the  observer  or  are  held  b,\'  the  latter  in  making  the  exposure 
iH  in  the  ca.He  of  the  camera  shown  in  Fig.  Ifi.  This  is  a  t^'V^  ^I».■iii.^.■ 
1  specially  dc\eloped  by  the  ^^tman.  SioAak  CoHsostwi  V 
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the  American  service.  It  is  fitted  with  a  special  telestigmatic  lens 
of  14-inch  focus,  so  arranged  as  to  give  a  24-inch  focal  length. 
This  camera  is  of  the  magazine  type  and  is  equipped  with  a  focal 
plane  shutter  with  a  speed  up  to  rrAnr  second.  The  plates  are 
4  by  5  inches  and  the  camera  is  operated  by  means  of  a  trigger, 
the  pistol  grip  being  used  to  hold  the  machine  with  the  right  hand 
while  it  is  further  supported  with  the  left  on  the  special  handle 
shown.  The  camera  is  close  to  2  feet  long  but  .the  box  itself  only 
measures  5  by  6  inches.    Without  plates  it  weighs  about  10  pounds. 

Advantages  of  Small  Plaies.  One  of  the  standard  militan' 
cameras  developed  abroad  uses  a  lens  of  shorter  focal  length 
together  with  a  magazine  carrying  eighteen  4  by  5  plates.  In  some 
cases  a  5  by  7  plate  is  used,  while  for  special  purposes  the  large 
plates  previously  mentioned  are  employed,  though  in  the  latter 
case  a  magazine  is  out  of  the  question.  The  4  by  5  plate  is  tlu' 
most  generally  used,  as  with  the  great  number  of  exj)osures  niii<l<- 
tlie  work  of  developing  and  printing  the  larger  plates  would  Ix* 
excessive.  It  is  nothing  unusual  to  make  one  hundred  or  nion- 
exposures  in  a  single  flight  and,  as  three  to  five  prints  of  evtTv 
negative  nuist  be  made  in  addition  to  the  usual  enlargements,  a 
tremendous  amount  of  work  is  involved.  Besides  this,  positive^ 
are  also  made  for  projection  so  tliat  tlie  photographs  may  \^ 
studied  by  a  gathering  of  staff  oflicers,  this  method  naturally 
giving  a  far  greater  enlargement  than  it  is  j)raetical  to  obtain  b} 
anv  other  means. 

Photo  Snndiug.  In  recoiuioitering  with  a  view  to  obtaining 
ph()t()graj)hs  of  enemy  positions,  the  aeroplanes  carrying  the  lari.^ 
cameras  are  escorted  by  high-sj)ee(l  scouts  and  battle  planes  t" 
prevent  attack  by  enemy  machines.  In  fact,  a  very  large  part  oi 
the  aerial  fighting  that  takes  j)lace  is  the  result  of  attempts  i" 
make  phot()gra|)lis  or  j)rcvcnt  the  (icrnians  from  doing  so  an*' 
many  of  the  successful  allied  oll'ensives  have  been  carried  throu|ll' 
because  it  was  j)ossible  to  j^icture  the  enemy's  positions  and  at  the 
same  time  j)revent  him  from  learning  what  was  going  on  in  the 
way  of  })rei)aration  behind  the  allied  lines.  This,  in  brief,  is  what 
is  meant  bv  the  nmch  used  t(Tm  **control  of  the  air**. 

In  j)rej)aring  for  a  big  offensive,  thousands  of  photographs  are 
nindt'  covering  t\\e  euUTe  t\:m\l  t^s  l>e  attacked  and  the  countr}' 
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IBck  of  it  for  a  number  of  miles.  Every  railway  line  ant!  road, 
trery  supply  depot  and  camp  are  "spotted"  on  the  map  with  the 
id  of  these  numerous  photogjaphs.  Likewise  every  trench,  com- 
municating ditch,  concrete  "pill  box",  and  battery  are  properly 
located  on  the  maps  so  that  the  hea\'y  puns  far  to  the  rear  may  be 
lirought  to  bear  on  marks  which  the  gunners  themselves  never  see. 
'I'liese  photographs  are  also  employed  in  planning  aerial  raids,  the 
machines  being  assigned  to  drop  bombs  on  ammunition  dumps  or 
supply  depots  revealed  by  the  pictiu-ei^,  while  other  photographs 
lire  taken  shortly  afterward  to  determine  the  extent  of  the  damage. 
Tactical  and  Strategical  Reconnolssance.  Aeroplane  scouting 
has  two  distinct  phases  the  nature  of  each  of  whicli  is  governed  by 
the  character  of  the  information  sought.  I»  accordance  with  its 
relation  to  military  movements  on  the  ground,  a  reconnolssance  is 
termed  tactical  or  sirategica}.  A  tactical  reconnoissance  is  a  rapid 
jitid  limited  observation  undertaken  for  the  purpose  of  informing 
the  commander  of  the  corps  or  division  to  which  the  aeroplane  is 
attached  of  the  disposition  of  troops,  the  placing  of  artillery,  or 
the  direction  of  any  troop  movements  that  may  be  in  progress  at 
the  moment.  To  obtain  this,  the  airman  doei  not  necessarily  have 
to  go  beyond  his  own  lines  and  stays  aloft  hut  a  short  time,  return- 
ing immediately  to  communicate  the  results  of  his  observations. 

The  strategical  reconnoissancf,  on  the  other  hand,  may  con- 
sume several  himrs,  not  merely  on  one  day  but  for  a  numljcr  of 
daya  in  succession,  and  must  aiver  the  entire  enemy  positions  and 
lines  of  wmimiinication,  often  extending  25  miles  or  more  to  the 
rear  of  his  lines.  Such  work  has  to  be  carried  out  on  a  tar  more 
i-liilxirate  aiirl  comprelieiifilve  scale  than  a  tactical  reciinnoissance, 
-ince  it  affects  the  entire  plan  of  campaign,  esjiecially  when  an 
ulVensive  is  iiniler  consideration.  It  was  by  means  of  observations 
of  this  chamcter.  extending  owt  several  weeks,  that  the  relative 
weakness  of  tlie  German  lines  in  the  Cambrai  district  was  ascer- 
tfiiiied  and  prc[jiirations  made  for  the  swi-cping  attack  at  that 
pnint  of  the  line.  Each  flyer  sent  out  on  a  strategical  reconnois- 
ijiiiee  is  detailed  to  cover  a  certain  stretch  of  territory  and  he  must 
fly  to  and  fro  over  it  until  he  has  acquired  the  desired  information, 
lie  must  circle  about  suspicious  objects  that  caimot  teaAlV-s  "nt 
idenliKed   in    order    to  ;rain   ft  sufficitnt\y    AeftmVe  Vtvo-wSsiieei  \ 
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enable  him  to  report  their  nature  and  probable  purpose;  if  troops, 
their  approximate  number,  disposition  and  movement,  the  location 
of  reserves,  and  any  preparations  for  action  that  he  can  detect. 
He  must  also  report  the  nature  of  all  special  defenses  prepared  and 
the  placing  of  artillery,  communication  roads  and  railways,  ammu- 
nition dumps,  and  the  like.    To  carry  this  out  rapidly  and  with 
any  degree  of  accuracy  calls  for  considerable  skill  in  map  reading, 
that  is,  ability  to  recognize  on  the  landscape  far  below  him  the 
sections  covered  by  his  map  and  to  detect  in  them  any  changes 
that  have  occurred  since  that  map  was  completed.     It  also  involves 
considerable  knowledge  of  military  tactics  since  without  this  the 
observer  would  be  unable  to  detect  the  import  of  the  varioas 
ac*tivities  going  on  below  him.     To  render  his  report  intelligible  he 
must  be  able  to  note  clearly  and  quickly  on  his  map  the  nature  of 
these  movements  and  changes.     At  the  extremely  low  temperatures 
prevailing  above  5000  feet  and  with  hostile  aviators,  clouds,  haze, 
and  squalls  to  contend   witli,   this  is  a  task  that  calls  for  both 
mental  and  physical  endurance  of  the  highest  order.     After  several 
hours  of  such  work,   it  is  nothing  uncommon  for  both  pilot  and 
observer  to  n^turn  so  benumbed  that  they  have  to  be  lifted  from  the 
machine.     If  an  aviator  ventures  too  far  beyond  his  own  lines,  he 
is  apt  to  find  that  a  squadron  of  enemy  aeroplanes  has  risen  behind 
him  to  cut  off  liis  retreat.     In  the  early  days  of  the  war  many  of 
the  aeroplane  scouts  were  sent  out  on  a  roving  commission  to  go 
wherever  they  desired  over  the  enemy's  territory  and  gain  what 
information  they  could,     "^rhis,  in  fact,  was  the  plan  largely  fol- 
lowed  by  the  (lernians,   hut  .so  many  of  their  free-lance  scoub 
never   returned   that   it   was   al)an(lon(»(l.     Hoth   sides   have  since 
adopted  a  definite  system  of  scouting  details  sent  out  to  obtain  the 
information   desired   for   a   sjwcific   ])ur])ose   as  well   as   to  guard 
against  the  ever-j)rcsent  possibility  of  sur])rise  attacks. 

Methods  of  ('oninnuiicnfion.  Dejx'nding  upon  the  .speed  \i*ith 
which  the  information  thus  obtained  must  be  imparted  to  the 
headquarters  or  divisional  stall",  various  methods  of  communication 
are  employed.  AftiT  jotting  down  his  observations  on  the  map 
and  on  report  sheets  in  the  form  of  a  code  that  is  utterly  unintel- 
ligible except  to  the  military  expert,  the  observer  returns  to  hb 
base  and  delivers  his  tevoTt  wuless  the  need  for  quick  communica- 
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s  imperative.  Most  observation  aeroplanes  are  no' 
(vith  a  wireless  installation  and  the  observer  must  be  a  competent 
:iperator,  so  that  present-<lay  training  in  aviation  involves  training 
in  wireless  as  well.  In  emergencies  the  observer  accordingly  com- 
municates with  his  base  by  wireless,  if  it  be  possible  to  establish 
jonimiinieation.  This  is  not  always  the  case  since  tlie  aeroplane  is 
lecessarily  limited  to  an  installatinn  of  low  power  and  restricted 
range  and  efforts  to  get  into  communication  with  his  base  may  be 
'jammed"  by  aimless  signals  sent  out  for  this  purpose  by  high- 
|>ower  enemy  stations  on  the  ground.  Failing  this  resort,  when  he 
desires  to  transmit  information  without  returning  to  his  base,  the 
observer  encloses  his  sketches  and  code  messages  in  a  metal  cylin- 
ler.  This  cylinder  is  of  sufficient  length  for  the  vane  tail  with 
which  it  is  fitted  to  insure  a  given  direction  of  flight  when  launched. 
I'he  cylinder  is  also  eciuipped  wHth  a  detonating  head  designed  to 
:»iiise  a  loud  report  when  it  strikes,  without  damaging  its  contents. 
\t  the  same  time  a  combustible  charge  is  Ignited  giving  off  a  dense 
lilack  smoke  so  as  to  guide  watchers  to  the  spot.  These  deviwa 
ire  largely  employed  by  both  the  German  and  the  French  aviators. 

Wireless.  Practically  every  form  of  signaling,  except  the  use 
if  wigwag  flags  and  the  Ardois  system  (groups  of  coloreil  lights),  has 
ir.it  resorted  to  on  the  military  aeroplane.  The  use  of  wirelcas  has 
Kfcii  de\-elopcd  to  a  point  where  it  now  forms  a  part  of  the  train- 
ng  of  practically  all  aviators,  though,  owing  to  the  limitations 
mposed  by  the  conditions,  all  military  aeroplanes  are  not  equipped 
vith  wu^ess  sets,  as  might  be  supposed.  Some  of  the  early  sets 
•mployed  at  the  outbreak  of  the  war  consisted  «f  a  Marconi 
generator  and  synchronous  gap,  driven  directly  by  the  engine 
vith  the  usual  transformer,  condenser,  oscillation  transformer,  and 
:he  like,  but  as  these  sets  weighed  close  to  200  pounds  they  were 
laturally  not  available  for  the  light  high-speed  types  of  machines 
HI  which  e^■e^y  ounce  of  su|>erfiuous  weight  has  t»een  sacrificed  to 
tttsin  the  maximimi  speed.  On  the  huge  German  dirigibles  it  was 
lot  necesaafj'  to  restrict  the  weight  su  closely  and,  moreover,  long- 
listance  transmission  and  reception  of  information  was  essential,  so 
bat  on  some  of  the  later  types  captured,  such  as  the  L-49,  the 
3  almost  as  large  and  quite  as  elaborately  equipped 

^t  of  an  ocpim  liner.     In  fact,  the  Germans  are  said  to  hav«. 
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K-ed  a  system  of  communication  by  means  of  which  the  < 
manders  of  Zeppelins  could  determine  their  positions  at  night  or  in 
a  fog  (muny  of  them 
having  been  "losfinthe 
air  on  raiding  trips)  by 
getting  into  communica- 
tion with  the  ground  sta- 
tions in  the  Empire. 

For  the  lighter  types 
{if  dirigibles  on  which 
weight  and  space  are  both 
important  factors,  alight 
and  compact  J-kw.  set 
has  been  developed  by 
the  De  Forest  Company, 
using  the  De  Forest  oscilhiin  tubes  to  generate  the  high-frequency 
waves.  The  transmitter  of  this  set  is  shown  in  Fig.  1 7,  the  key  being 
shown  at  the  left  and  the  instrument  board  at  the  right,  while  the 
oscillion-tube  cabinet  is  in  tlie  center.  The  same  company  has  also 
developed  a  light  set  for  aeroplane  use,  Fig.  IS.  The  generator 
for  this  is  enclosed  in  a  stream-line  housing  and  is  intended  to  be 
attached  to  one  of  the  struts  of  the  machine.     It  is  driven  by  the 


rent  acting  on  the  propeller  shown.    The  transmitting  i 
[  as  tJie  telephone  trnnsinitter,  is  shown  in  the  fore^TO\mi&, 


so 
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and  both  of  these  sets  are  available  for  wireless  telephony  as  v^l 
as  for  telegraphy.  ^M 

Aerials.  In  the  early  part  of  the  war  the  Germans  resortcd^H 
the  use  of  a  light  bamboo  mast  stepped  in  the  forward  beam  ^M 
the  upper  wing  of  the  aeroplane,  the  supporting  gu^'s  of  this  nil^l 
u<rting  as  the  aerial,  while  the  bracing  wires  of  the  machine  a^l 
used  as  a  counter  capacity  (taking  the  place  of  the  usual  gnHU^I 
connection  which  is  naturally  not  available).  This  was  an  a*^| 
ward  expedient  that  rendered  the  machine  cranky  in  flight  and  ii^H 
not  adopted  by  any  of  the  other  belligerents.  The  general  arraii|^H 
ment  of  this  type  of  aerial  is  illustrated  in  Fig.  ID.  A  much  sinip^H 
and  more  convenient  arrangement  was  adopted  on  the  French  ao^l 
the  British  machines,  consisting  either  of  a  triangular  aerial  Mi^H 
ported  on  the  upjier  surface  of  the  top  plane  and  the  rear  end  dfl 
the  fuselage  in  connection  with  a  trailing  wire.  Fig.  20,  or  ibT^ 
trailing  wire  alone.  This  trailer  is  not  solidly  fastened  to  the  1 
machine  but  is  attached  in  such  a  manner  tliat  in  case  it  catcba  | 
in  a  tree  or  other  obstruction  it  will  be  carried  away  without  1 
damaging  the  machine  itself.  ^| 

Naval  Scouting.  In  theory,  it  appeared  to  be  as  easy  to  di^H 
bombs  on  the  deck  of  a  man-of-war  as  to  strike  a  fixed  object  ^H 
the  ground.  Trials  carried  out  previous  to  the  war  with  the  0^1 
line  of  a  battleship  on  the  ground,  however,  showed  a  dlsappm^H 
ingly  liigh  percentage  of  misses  even  though  the  aviators  flew  O^H 
a  few  hundred  feet  above  the  target.  The  difficulty  of  striking  ^H 
actual  ship  moving  at  full  speed  from  the  height  that  anti-aircr^H 
fire  compels  for  safety  is  therefore  evident.  ^H 

Aeria}.  Torpedo.  Another  method  of  attack  that  has  b^H 
proposed  is  the  aerial  torpedo.  The  latter  is  of  the  i*ame  t^^| 
as  that  employed  by  the  submarine,  that  is,  upon  being  discharg^H 
it  propels  itself  automatically  at  a  predetermined  depth  below  t^H 
surface  of  its  water  in  the  direction  in  which  it  has  been  aim^H 
and  runs  until  it  strikes  or  its  energy  is  expended.  The  torpe^H 
itself  is  naturally  smaller  and  lighter  than  that  employed  In  nai^H 
warfare  and  is  carried  in  a  cradle  slung  between  the  floats  of  ^^ 
hydroaeroplane.  The  attacking  aviator  takes  up  a  position  to  0^1 
side  and  in  advance  of  the  oncoming  ship,  estimating  the  latt^^J 
s[ieed  s(i  thnt  the  tnrpeiio  will  intercept  it.     Gravity  pn^-idea  l^| 
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tnitiat  impulse  for  the  torpedo  and  it  runs  under  it3  own  power  on 
striking  the  water.  This  tor|3edo  is  an  American  invention  (Admiral 
Fiske),  and  it  is  reported  to  have  been  successfully  employed  by  a 
(ierman  aviator  on  one  occasion  against  a  merchantman. 

The  chief  value  of  the  aeroplane  in  naval  tactics,  however,  lies 
ill  the  greatly  extended  range  of  vision  that  it  makes  possible. 
since  from  the  bridge  of  a  ship  the  horizon  is  seldom  over  10  miles 
distant.  By  climbing  to  an  altitude  of  2(KX)  or  3000  feet,  an  aero- 
plane scout  opens  up  before  him  an  expanse  of  sea  ranging  from  50 
to  UX)  miles,  depending  upon  weather  conditions.  In  foggy  weather, 
()r  more  particularly  when  a  low-lying  mist  brings  the  horizon 
within  2  or  3  miles  of  the  ship,  the  hjciroaeroplane  becomes  invalu- 
able since  wireless  communication  is  much  more  efficient  over 
lalt  water  than  over  land  and  there  is  far  less  opportunity  for 
■jamming"  by  enemy  stations,  so  that  the  aerial  scout  can  keep  in 
constant  touch  with  his  fleet  below. 

ARTILLERY  OBSERVATION 

Methods.  One  of  the  uses  to  which  the  aeroplane  has  been 
ilevoted  to  a  great  extent  is  spotting,  that  is,  observing  the  fall  of 
lieavy  shells  and  reporting  back  to  the  battery  commander  inac- 
curacies in  the  range,  whether  of  distance  or  direction.  For  this 
I'lirpose,  wireless  is  not  as  simple  or  as  rapid  as  a  simple  code  of 
lignals  that  has  been  evolved.  This  consists  of  dropping  smoke 
Kombs  over  the  point  at  which  the  shell  landed,  the  aeroplane 
Hying  to  the  right  or  left,  forward  or  to  the  rear,  to  indicate  the 
iidsition  of  the  explosion  with  relation  to  the  object  at  which  the 
tire  is  directed.  At  night  different  colored  lights  are  substituted  for 
the  smoke  bombs.  The  movements  of  the  aeroplane  and  its  signals 
are  followed  closely  from  an  elevated  observation  post  and  com- 
muni<-ateil  by  telephone  to  the  battery. 

When  trooj)  movements  are  <letected  by  the  observers  of 
Mimting  aeroplanes,  smoke  bombs  are  often  dropped  with  the 
result  that  a  battery  will  suddenly  concentrate  its  fire  on  that  spot, 
instances  being  re]X)rtetI  where  dummies  have  been  grouped  iji 
military  formation  in  an  ojjen  space  to  deceive  the  obser\'er  aloft 
so  a^  to  draw  tlie  fire  of  enemy  batteries  uselessly.  To  direct  the 
fire,  the  aeroplane  circles  over  the  spot  mdicateiA  so  a&  to  ¥*■'"«.  *tt« 
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range.  Tinsel,  colored  flags,  and  streamers  are  also  employed  as 
signals  but  have  the  disadvantage  of  not  being  as  readily  visible  at 
a  distance  as  the  smoke  tracers.  These  methods  of  conmiunicating 
ranges  are  employed  particularly  in  connection  with  the  spotting 
of  heavy  batteries  at  a  distance  back  of  the  front  lines  and  usually 
located  behind  elevations. 

Difficulties.  Theoretically,  these  methods  appear  simple  in 
application  and  promise  fairly  accurate  results,  but  when  it  is  con- 
sidered that,  to  be  effective,  even  a  heavy  shell  must  drop  within 
less  than  100  yards  of  the  object  fired  at  and  that  as  small  a 
variation  as  one  degree  in  the  sighting  of  the  gun  will  cause  a  much 
greater  deviation  than  this  at  a  range  of  2  or  3  miles,  some  of  the 
difficulties  become  apparent.  The  aeroplane's  flight  is  obser\'ed 
from  the  battcrv  bv  two  officers,  one  with  a  direction  finder  and 
the  other  with  a  range  finder,  the  pilot  being  instructed  to  maintain 
a  given  altitude  when  communicating  signals.  This  requirement 
is  to  enable  the  observers  to  calculate  the  range  by  triangula- 
tion,  but  as  the  pilot  must  swoop  and  dive  to  derange  the  gun 
pointers  of  anti-aircraft  batteries  below  him  and  must  often  wme 
comparatively  close  to  the  ground  to  detect  concealed  batteries,  it 
is  exceedingly  difficult  always  to  connnunicate  from  a  given  alti- 
tude, particularly  as  the  barograj)h  is  not  a  particularly  sensitive 
instrument  and  does  not  indicate  as  accuratelv  as  is  necessarv  to 
give  close  results.  A  diflVrence  of  but  a  few  hundre<l  feet  in 
altitude  will  cause  colisidtTahle  variation  in  the  figures  given  by 
triangulation.  The  same  variations  apply  to  the  smoke  bombs 
used  in  the  day  and  the  colored  lights  at  night.  For  example,  a 
red  light  is  a  signal  from  the  aeroj)lane  that  it  is  over  the  spot  at 
which  artillerv  {ire  slnuild  he  directed,  and  it  is  answered  by  a 
similar  light  from  the  battery  observation  post.  But  the  difficulty 
of  (lroi)j)iiig  a  light  directly  over  a  limited  area  is  pointed  out 
under  the  head  "Honihing"  while  that  of  determining  the  distam^ 
between  the  j)lace  indicated  and  the  observation  post  is  greater 
still.  Similar  dilliculties  in  signaling  with  a  small  electric  search- 
light by  means  of  which  messages  are  flashed  in  code  to  the  obser- 
vation post  prevent  accuracy  in  range  finding  so  that,  while  the 
aeroplane  is  a  valuable  ailjunct  to  artillery  fire  and  particularly  in 
locating  hiclden  batlenes,  \t  dv>v!?»  wot  bear  out  in  practice  all  the 
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iages  that  theorj-  ascribes  to  it.  In  consequence,  the  cftptive 
nlloon,  which  had  been  considered  obsolete  for  a  long  time  and 
tore  especially  since  flight  had  become  an  accomplished  fact,  was 
;vived  at  an  early  pericxl  in  the  war  and  has  developed  into  a 
■ature  of  prime  iraportumr.  As  a  matter  of  fact,  the  Germans 
nd  retained  the  captive  balloon  riespile  the  development  of  the 
eroplane  and  used  it  in  large  numbers  from  the  start.  The 
se  of  captive  balloons  in  this  connection  is  described  in  the  text 
Dirigible  Balloons." 
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CONTACT  PATROL 


mportance.  In  contact  patrol,  the  aeroplane  is  literally  the 
e>'es  of  the  division  commander"  since  the  duties  of  the  aviator 
re  to  "go  over"  with  the  attacking  troops  and  report  their  niove- 
leuts.  If  they  are  repulsed  he  must  get  this  information  back  to 
BAdquartera  long  before  the  first  men  of  the  defeated  wave  can 
etum;  if  they  succeed  in  taking  their  objectives  but  the  enemy 
Dinediately  prepares  to  hurl  heavy  reinforcements  at  that  point, 
lis  information  must  likewise  be  reporteil  without  loss  of  time  or 
le  men  who  have  taken  advanced  posts  may  !»■  killed  or  captured 
[nl  their  efforts  wasted.  Once  the  troops  have  gone  "over  the 
>p"  their  movements  are  completely  lost  to  view  ui  the  heavy 
ank  of  smoke  that  shuts  out  everjlhing,  so  that  the  aviators  on 
)ntatl  patrol  form  the  connecting  link  between  the  units  that  are 
ttacking  and  the  general  directing  the  attack.  Lack  of  informa- 
on  at  this  crucial  time  or  inaccurate  iiiformation  may  cause  the 
itire  attack  to  be  abortive  and  cause'  the  loss  of  thousands  of  men. 
lence,  only  the  most  experienced  aviators  who  combuie  skill  with 
lorough  military  knowledge  and  unquestioned  good  judgment  are 
fleeted  for  this  trying  form  of  service. 

The  duties  of  the  aviators  on  contact  patrol  are  to  keep  the 
attalion  or  division  headquarters  constantly  informed  of  the  prng- 
as  of  the  attack  as  well  as  of  the  movements  of  the  eneni.v  or' 
is  purpose  as  reveideil  by  any  iuformatJun  that  can  be  gleaned 
tym  the  action  <jf  the  tro()p3  under  attack  as  well  as  tho.'ic  hack 
F  the  lines.  He  must  report  the  condition  of  the  trenches  or  other 
e  works  attjickcd,  the  explosion  trf  mines,  or  the  bringing  up 

^ves  on  his  piirticulur  sector. 
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Methods  of  Signaling.  Omund  Strips.  Wliile  tlit  av4a1 
a  certain  extent  acts  as  a  free  lance  in  gathering  and  rMortinj! 
information,  he  is  at  the  same  time  under  onlers  from  thygnnim 
and  may  be  detniied  to  report  on  any  particular  fnrtorj 
information  is  needed  urgently  iit  the  time.  For  tliis  pj 
necessary  ti>  l>e  ithle  to  signal  to  the  pilot  or  observer  «loft,  \V 
less  would  seem  to  be  the  logical  method  for  this  pu/iosc,  but  it  t 
the  one  means  of  signaling  that  is  Tiot  employed  dnriiig  an  atl 
Not  only  is  the  noise  absolutely  deafening  so  a/  to  render 
niuiiication  exceedingly  difiicult  and  uncertain,  but  there  \&  sImi 
danger  that  the  enemy  may  intercept  the  messages  and,  Hy 
the  result  of  the  instrnetiuns  given,  determine  the  code  used. 
sliort  code  phrases,  what  are  known  as  "ground  strips" 
employed.  These  are  simply  long  strips  of  white  fabric  which  iW 
arranged  on  the  ground  to  form  certain  letters  or  a  preaminpil 
pattern  which  can  be  read  easily  from  aloft.  For  example,  the  letter 
A  might  be  use<l  to  mean  "How  far  has  attacking  line  mivBiicai^' 
llie  aviator  wouUI  then  report  the  distance  from  the  knowlcdjt* 
gained  from  signals  made  by  the  attacking  tro«j>s.  Owing  to  tbt 
heavy  pal!  of  smoke  tliat  hangs  over  the  ground,  the  only  practitiJ 
method  bj  which  the  front  line  troops  can  .signal  to  the  pilats 
aloft  is  b^'  means  of  flares,  consisting  of  a  bunch  of  oil-soaked  rap 
mounted  on  a  rod.  These  are  ignited  and  planted  in  the  groiDKl 
to  indicate  the  position  of  the  attackers. 

Signal  Lamp  and  Skuttrr.  For  longer  inessHgos  that  couwt 
be  sent  conveniently  by  rnean^  of  the  ground  strips,  Ilghta  iK 
employed  on  dull  days  and  the  "shutter"  in  bright  clear  weathr 
The  lamj»s  used  arc  equipi>ed  with  slides  so  as  to  pi-nnit  of  sendiiit' 
in  short  and  long  Hashes,  utilizing  the  Continental  Morse  «xlr. 
The  "shutter"  is  a  device  that  is  practically  a  replica  of  a  windi'" 
blind  on  a  large  s<'ale.  On  one  side,  each  vane  of  the  "shutter 
is  painted  black  and  on  the  other  white.  It  is  operated  by 
cord  which  moves  all  the  vanes  simidtaneously.  When  the  blai 
sides  are  uppermost,  the  device  is  invisible  to  the  aviator 
the  movements  bringing  the  white  sides  of  the  panel  into  *tC 
correspond  to  the  flashes  of  the  signal  lamp,  the  length  of  the  fU-'^'i 
bcuig  determined  by  the  time  the  wliite  panels  remain  viaihlr 
The  Coritirictital  Morse  okIc  is  used  in  all  Ijght  or  (la-*hrnK  ^iiri  il 
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because  if  has  no  spaced  letters.  But  the  shutter  is  not  confined 
to  this  since  codes  may  be  arranged  in  which  a  certnin  number  of 
long  or  short  flashes,  or  alternate  groups,  may  be  made  the  equi\'a- 
lent  of  code  phrases  of  an^  length. 

To  communicate  his  reports,  the  aviator  also  employs  smoke 
bombs.  Very  lights  (red  and  green  flares  which  are  fired  from  a 
pistol  and  are  similar  to  Roman  candles),  electric  automobile  horns 
iif  the  vibrating  t.\'pe.  and  messages  encasol  in  metal  cylinders 
f-fjuipped  with  guiding  vanes  and  a  small  explosive  charge  which 
(Tcatcs  H  great  deal  of  smoke. 

Operation  of  Patrol.  .\n  attack  is  the  culmination  of  prepaja- 
tiniis  made  for  weeks  in  advance  and  the  exact  moment  at  which 
it  i^  to  start  is  made  known  Fimr  to  six  hours  ahead  of  the  time. 
I'liiit  time  is  known  as  the  "zero  hour".  In  order  that  there  may 
]><■  no  coufasinn  in  starting  every  part  of  the  coordinated  movement 
(1  the  same  moment,  the  men  are  all  compelled  to  set  their 
\^atc'he.s  by  the  standard  clock  at  headquarters  a  few  hours  before 
tlie  attack  is  to  come  off.  The  aeroplane.s  of  the  contact  patrol 
must  arrive  over  the  front  line  trenches  exactly  at  the  "zero  hour" 
and  they  must  fl\'  at  an  altitude  that  keeps  them  safely  above 
their  own  barrage  (curtain  of  fire)  which  opens  on  tlie  second 
scliedulod  for  the  opening  of  the  attack.  The  guns  have  all  been 
ranged  to  ilrop  theirshells  just  sufficiently  in  advance  of  the  oncom- 
ing line  to  keep  tlie  men  of  the  latter  out  of  the  zone  of  fire.  As 
the  men  go  ahead  the  falling  shells  advance  the  same  distance. 

To  keep  out  of  his  own  barrage,  the  pilot  flies  at  a  height  of 
151)0  to  20()0  feet,  though  he  must  govern  his  altitude  by  that  of 
Hie  enemy's  barrage  us  well,  since  the  moment  the  attack  starts  the 
'■nemy  lays  down  a  curtain  of  fire  ahead  of  the  advancing  troops 
:irnl  maintains  it  so  that  they  must  pass  through  it.  In  addition 
to  these  dangers,  he  must  also  be  on  his  guard  against  anti-aircraft 
K'lnis,  machine  guns,  and  enemy  aeroplanes.  When  the  flares  of 
Uie  first  attacking  line  reveal  their  presence  at  the  priniar,\-  objec- 
.'ttve,  be  flies  back  to  his  own  lines  and  communicates  tins  iuforma- 
^^pn  by  any  one  of  the  methods  cited.  The  message  when  dropped 
^^f  one  of  the  special  containers  may  consist  of  nothing  more  than  a 
'skeleton  map  on  which  he  has  marked  the  line  of  advance.  These 
iiK-ssages  are  drop|>ed  by  coming  within  a  few  \vundTeA\e«^  riVOcw. 
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ground  and  must  be  sdmowledged  before  tlu  ^iSot  na  ntnii 
the  patrol.  Since  his  own  barr^e  fire  is  Tegnlated  bjr  liiiupgrtt 
the  observer  must  be  certain  that  the  troopa  he  Kperts  m  "fart 
line"  are.  such,  as  an  error  vould  result  in  dropjung  the  liange  m 
one  of  the  following  waves  of  men.  In  galiming  Bodi  mfbtntfia^ 
he  must  rely  on  his  own  obaervstion  and  judgment  more  tfamdntbi 
signals  received  from  the  ground,  since  in  tbo  confunon  rignal  dm 
vho  had  started  with  the  fint  line  might  be.  far  behind  it  wki 
th^'lighted  their  flares.  Contact  patrol  is,  according,  not  ikm 
the  risJdest  of  all  the  duties  the  pilot  and  the  observer  are  oU 
upon  to  perform  but  it  is  likewise  one  that  calls  for  the  mil 
skilled  and  e^ierieoced  aviators  available. 

BOMBING 

Forces  Acting  on  Bomb.    Among  the  German  machines  brou^ 
down  within  the  French  lines  by  Captain  Guynemer,  in  the  eariy 


part  of  1917,  was  one  of  the  latest  type  Gotha  bombing  aeroplanes 
which  was  fitted  with  a  novel  tj-pe  of  range  finder  to  enable  the 
observer  in  the  aeroplane  to  take  correct  aim  at  objects  to  be 
bombarded.  The  method  of  using  this  is  brought  out  in  tlie  fbl- 
lowing  explanation  of  the  laws  govemiiig  the  diopfiag.at  hooAt 
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on  definite  objects,  vdiich  with  the  accompanying  diagrams  is  an 
excerpt  from  La  Nature  (Paris), 

Any  object  dropped  from  a  height  is,  of  course,  subject  to  two 
constant  forces,  namely,  the  resistance  of  the  air  and  the  accelera- 
tion due  to  gravity.  Its  trajectory  is  a  vertical  line  from  the  point 
of  dischat^e  A  to  the  striking  point  B,  Fig.  21.  But  if  the  object 
be  a  bomb  dropped  from  a  moving  aeroplane,  it  will  have  an  initial 
speed  equal  to  and  in  the  same  direction  as  that  of  the  latter.  This 
new  force  is  compounded  with  the  two  former  and  results  in  the 
"  curved  trajectory  shown  by  AC.  The  latter  trajectory  is  based  on 
the  assumption  that  the  bomb  was  dropped  in  still  air. 

Effects  of  Wind.  Since  the  air  is  not  often  still,  the  effect  of 
the  wind  on  the  trajectory  of  the  falling  missile  must  also  be  taken 
into  consideration.  Having  a  given  initial  velocity,  if  the  bomb 
then  be  dropped  into  a  layer  of  moving  air,  or  wind,  it  is  acted 
upon  by  the  latter  and  is  then  said  to  be  affected  by  drift.  In 
case  the  wind  is  a  following  one,  the  trajectory  of  the  bomb  is 
lengthened,  as  shown  by  AD;  if  it  is  in  the  reverse  direction,  the 
trajectory  will  be  shortened,  as  shown  by  AE. 

But  if  the  bomb  be  dropped  from  an  aeroplane,  which,  owing 
to  a  strong  wind,  is  stationary  with  respect  to  the  ground,  that  is, 
when  the  strength  and  direction  of  the  wind  are  such  that  its 
velocity  is  equal  to  the  speed  of  the  machine,  the  projectile  will 
have  no  initial  velocity  and  the  curve  of  its  trajectory  will  be  a 
function  solely  of  the  drift  produced  by  the  wind,  as  indicated  by 
Ab.  It  will,  in  consequence,  strike  the  ground  at  a  point  behind 
that  from  which  it  was  dropped.  Since  this  presupposes  a  wind 
of  from  72  to  90  miles  per  hour  (m.p.h.),  in  other  words,  a  gale 
in  which  aviators  would  seldom  go  up,  it  represents  a  rare 
occurrence. 

Height  of  Aeroplane.  From  the  trajectories  illustrated  in 
Fig.  21,  it  is  evident  that  the  angle  of  aim  will  be  that  formed  by 
the  vertical  line  AB  at  the  point  of  departure  A  with  a  straight 
line  joining  this  point  A  with  the  striking  point  C,  that  is,  the 
angle  BAG.  But  since  these  trajectories  are  all  curves,  the  height 
of  the  aeroplanes  above  the  object  to  be  hit  is  an  element  which 
modifies  the  value  of  the  trajectory.  Likewise,  since  the  wiwi 
is  the  cause  of  drift,  this  drift  will  vary  wA\i  tiae  lens*.  *A  ^oa 
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projectile  and  with  its  velocity  of  falling.    Thus  there  are  two  de- 
ments which  are  constant  for  each  type  of  bomb. 

Summary  of  Forces.    In  every  case,  the  trajectory  of  a  bomb 

dropped  from  an  aeroplane  is  the  resultant  of  the  following  forces: 

r  weight 
Constant  elements?  for  a  given  type  of  bomb  {  form 

I  drift 
Constant  for  a  given  type  of  aeroplane  speed  of  aeroplane  in  wind 

[  height  of  discharse 
initial  velocity,  that  is,  speed  of 
aeroplane  with  relation  to  the 
ground 


Variable  elements 


'  velocity  of  head  wind 


Of  the  three  chief  variables  which  must  be  known  in  order  to  aim 
the  bomb  accurately  in  each  case,  one,  the  velocity  of  the  head 
wind  can  immediately  be  figured  when  the  speed  of  the  aeroplane 
with  relation  to  the  ground  is  known,  since  this  velocity  of  the 
wind  is  the  difference  between  the  speed  of  the  aeroplane  with 
reference  to  the  earth  and  its  normal  velocity  in  the  wind,  a  factor 
which  is  fixed  for  a  given  type  of  aeroplane. 

Difficulty  of  Determining  Trajectory,  Assuming  an  aeroplane 
having  a  normal  sjx^ed  of  90  m.p.h.,  if  its  speed  per  hour  with 
respect  to  the  ground  is  but  00  m.p.h.,  it  is  evident  that  it  is  flying 
against  a  head  wind  of  ^^0  m.p.h.  Hence,  it  is  only  necessary  to 
know  the  altitude  of  the  aeroplane  and  the  inital  speed  of  the 
bomb  to  determine  its  trajectory.  Apparently  this  method  of 
calculation  is  based  on  scientific  principles  that  should  produce 
mathematically  exact  results.  Unfortunately,  however,  it  is  affected 
so  strongly  by  the  pilot's  knowledge  of  atmospheric  conditions, 
which  are  essentially  capricious,  that  the  results  are  quite  the 
rexerse.  This  is  more  particularly  the  case  owing  to  the  fact  that 
conditions  at  one  elevation  may  be  totally  different  from  those  at 
lower  strata.  For  example,  the  speed  of  the  wind  at  the  height  at 
which  the  aeroplane  is  traveling,  say  13,000  feet,  must  be  regarded 
by  the  pilot  as  constant  for  the  entire  distance  the  bomb  has  to 
fall.  But  this  is  rarely  the  case  in  practice.  It  may  happen  that 
at  the  9000-fo()t  level,  the  wind  is  blowing  in  the  opposite  direction 
and  at  such  a  speed  that  the  best  efforts  of  the  bomb  droppt?r. 
aided  by  instruments  of  the  highest  precision,  do  not  avail  to  land 
the  projectile  on  the  target,  so  that  some  authorities  despair  of 
ever  being  able  to  achieve  results  proportionate  to  the  effort  made. 


Qoerz  Range  Finder.     l)enrnplion.    The  Goei-z  range  finder. 

which  is  ail  instrutueiit  devised  to  ensure  accurate  aim  in  bombing. 

consists  of  a  telescope  slightly  over  3  feet 

liiiiR  and  m(»unte<l  on  a  universal  joint 

■■u  that  it  may  be  pointed  in  any  direc- 
tion  and    be   maintained    perpendicular 

regardless  of  the  angle  assumed  b.\    the 

aeroplane  in   Higbt.     The  details  of  the 

instrument  are  sliown  in  Fig.  22,     The 

field  obtained  is  iViSf  while  the  enlarge- 
ment is   1.5.     At  the  base  of  the  tele- 

si-ope  is   a  priMm    imiunted    on  a  pivfit 

and  controlled  by  a  graduated  disc.    The       *■'"  ^^    '"^"  '^"'"' ''""'" 

telesco]>e  remaining  vertieal.   the   play  of  the  prism   permits  the 

\-isuaI  ray  to  be  iucliiietl  a  nimiber  of  degrees  corresponding  to  the 

::raduations  of  the  disc. 

On   this   disc  there   are  two    "Sr'eaSi 

indices,  one  corresponding  to  the 

\ertical   speed,   or  dead   ]K>int  of 

ihc  range  finder,  and  the  other  to    ccw;™,,,. 

The  vision  of  22  degrees  .'in  min-    "isn  fOB  P^ 

iites.     Another  index  fixe<l  on  the 

txKly  of  the  range  finder  serves  as 

a  base.     At  0  degree,  the  marks- 

Niaii   sees   the  ground   along  the 
,  vertical,  Fig.  2;i;  at  20  degrees,  the  3 

Klination  of  the  visual  ray  is  2(1 
s  forwani  of  the  aeroplane; 

nnd  at  5  degrees,  the  inclination 

ir^  5  degrees  behiiul  the  aeroplane.    ^^'^'^  UVCL  - 

The  direi-tion  of  aim  in  the  range 

tinder  is  shown  in  Fig.  24.  4 

^K      A  small  index  moves  on  this      movabu 
Pmc  but  may  be  affi.\ed  to  it  b,\' 

means  of  a  detent.     This  index, 

.  Fib.  aj.      IMlgtani  naoinaj  i.  pomj-ucuaii 

once  fixed  before  a  graduation  of  °'  o™  R"°«e  FmJef 

the  disc,  after  passing  the  dead  point  drops  into  a  small  notch, 
inftirming  the  observer  that   he  is  sighting  at  the   ^covviw'i 

!2! I 
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according  to  the  predetermined  inclination  to  which  he  had  set  the 
index.  This  may  be  disengaged  by  a  slightly  heavier  pressure  of 
the  hand.  In  the  body  of  the  telescope  there  is  a  small  spirit 
level,  the  edges  of  the  air  bubble  of  which  are  refracted  in  such  a 
manner  that  they  appear  in  the  form  of  a  black  ring  which  serves 
as  a  sighting  center  for  the  telescope.  In  the  course  of  all  his 
range-finding  operations,  the  observer  must  keep  this  bubble  in  the 
center  of  the  eyepiece,  which  will  thus  maintain  the  telescope  ver- 
tical, regardless  of  the  inclination  of  the  aeroplane  to  the  horizontal. 
The  universal  joint  permits  the  telescope  to  incline  freely  to 
the  right  or  left  or  from  front  to  rear,  but  when  it  revolves  about 
oiRiCTKM  or  MovmNj  OF AimLANt       its  vertical  axis,  that  is,  when 

the  visual  ray  instead  of  being 
directed  in  front  of  or  behind  the 
aeroplane  is  directed  to  the  right 
or  left  of  the  route  followe*!,  the 
fin(l(T  <icts  upon  a  route  corrector. 
This  is  an  electrical  device  cim- 
sistin^  of  resistances  acting  upon 
a  galvanometer  placed  in  front 
of  the  pilot  and  indicating  to  him 
how  to  correct  his  flight  in  onitT 
to  make  it  pass  directly  over  the 
object  to  be  bombarded. 

Drfcnninationof  Height,  As 
has  been  shown,  there  are  only 
a  few  of  the  elements  enterini: 
FiK.  24.    Din-tion  cf  Aim  ir,  I  ii.-i.  r  j^^^,  ^[j^,  trajcctorv  which  cau  vary 

in  the  course  of  cncli  hombanhntMit,  that  is,  the  height  of  the  aen)- 
plane  above  tht'  objtTt,  the  initial  velocity  of  the  b(mib  caused 
by  the  sj)e(Ml  of  t\\c  a(To])lane  rdative  to  the  ground,  and  the  speeil 
of  the  wind.  With  the  aid  of  the  range  finder,  the  obstTver  is 
enabled  to  make  a  c-alciilation  of  these  three  factors.  First,  the 
hei^'ht  is  obtained  by  subtracting  from  the  altitude  range  shown 
on  the  altimeter  of  the  aeroplane  the  altitude  of  the  object  to  be 
bombarded,  for  examj)le,  if  the  aeroplane  be  flying  at  a  height  of 
Jo,(M)()  feet  and  if  the  o[)ject  aimed  at  is  KMK)  feet  above  sea  level 
then  the  factor  of  altitude  will  be   13,000-1000,  or  12,(K)0  feet. 


^^% 


MIUTARY  USES  OF  AEJROPLANES 


This  method  is,  moreover,  subject  to  very  slight  error  where  high 
altitudes  are  in  question,  as,  for  example,  at  a  speed  of  54  m.p.h.  a 
difference  of  1500  feet  in  altitude  when  the  aeroplane  is  at  a  height 
of  13,000  feet,  coiresptmds  to  an  error  of  approximately  85  feet  at 
the  ground  levd,  as  will  be  noted  in  Fig.  25,  which  shows  the 
falling  curves  of  bombs 
dropped  at  different 
speeds. 

Determination  of 
Initial  Velodig  of  Bomb. 
The  initial  velocity  of 
a  bomb  is  the  second 
factor  and  it  must  be 
borne  in  mind  that  it  is, 
in  reality,  the  speed  of 
the  bomb  with  relation 
to  the  ground.  It  rep- 
resents the  most  difficult 
factor  to  ascertain  cor- 
rectly since  it  varies  with 
the  velocity  of  the  wind 
and  the  latter  is  in  a 
state  of  perpetual  insta- 
bility. In  case  the  aero- 
plane has  a  speed  of  90 
m.p.h.  and  the  wind  is 
blowing  30  m.p.h.,  the 
machine  will  travel  at 
the  rate  of  120  m.p.h. 
with  the  wind  following 
or  at  only  60  m.p.h.  with 
the  wind  against  it.  This  difference  of  speed  considerably  modifies 
the  trajectory,  as  will  be  noted  by  examining  the  curves,  Fifj.  25,  in 
which  the  aeroplane  is  traveling  at  the  rates  of  72  m.p.h.,  or  120  km., 
and  36  m.p.h.,  or  60  km.,  respectively.  In  case  of  simply  beiii^ 
added  or  subtracted,  the  speed  of  the  wind  and  of  the  aeroplane 
may  be  compounded  if  the  wind  is  striking  the  machine  three- 
qiuurtera  to  the  rear,  175  Imi.  per  hour,  or  three-quarte£%  V«u\-c>^, 
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1 25  km .  per  hour.  To  simplify  the  calculations,  the  aeroplane  should, 
of  course,  head  into  the  wind  for  bomb  dropping  so  that  its  speed 
will  be  reduced  as  much  as  possible. 

To  determine  the  speed  of  the  machine,  it  is  necessary  to 
calculate  the  time  required  for  a  fixed  point  on  the  ground  0  to 
traverse  an  angle  fixed  at  45  degrees  or  22  degrees  30  minutes.  It 
is  evident  from  Fig.  25,  that  the  time  required  for  the  obsm'ff 
to  find  the  range  of  the  same  point  successively,  first  with  in 
angle  of  22  degrees  30  minutes  and  then  vertically,  is  p^opo^ 
tional  to  the  speed  of  the  aeroplane  with  respect  to  the  earth.  A 
value  in  seconds  is  obtained.  Calculation  of  the  speed  is  further 
simplified  with  the  aid  of  a  table  giving  altitudes,  time  in  seconds. 


Fijc.  li<>.     Location  of  Findor  on  Aeroplane 

and  speed.  Such  a  table  would  indicate  at  once  that  if,  with  the 
acr()i)hine  at  4000  meters,  api)r()xiniately  l.S,(XX)  feet,  a  given  point 
on  the  ground  reciuires  3()  seconds  to  pass  through  an  angle  of 
22  degrees  30  minutes,  the  machine  is  then  traveling  100  kin.,  or 
approximately  ()o  m.p.h.  with  reference  to  the  earth.  Should  the 
])oint  require  only  18  seconds  to  pass  through  the  same  angle,  the 
speed  is  double,  or  200  km.  })er  hour.  This  value  is  the  initial 
horizontal  s])ee(l  of  the  bomb. 

Determination  of  Speed  of  Wind.  The  third  factor  is  the  speed 
of  the  wind.  The  known  maximum  speed  of  the  Gotha  on  which 
these  range  finders  were  mounted  is  150  km.  per  hour  and,  hence, 
if  the  range  finder  indicates  that  the  speed  with  reference  to  the 
ground  is  only  100  km.  per  hour,  it  is  evident  that  the  machine  is 
flying  against  a  head  wind  of  50  km.  per  hour.  Thus  all  the  fac- 
tors of  the  trajectory  an*  known  so  that  it  is  only  necessar>'  to 


^\^ 


!  on  the  lable  mentioned  the  firing  angle  required  to  c 
bomb  to  fall  on  the  object  aimed  at. 

Details  of  Operation.  Fig.  26  shows  the  relative  location  of 
the  range  finder  to  the  obser\'er's  seat,  while  the  bomb  releaser, 
Fig.  27,  is  conveniently  in  reach  of  his  right  hand.  It  is  operated 
by  pressing  le\'ers  wlilcli  release  tlie  bombs  by  means  of  flcxibli- 
ttMitrols.  Several  minutes  Iwfore  arri\ing  close  to  the  object  to 
be  fired  at,  the  (ibser\er  must  ascertain  the  factors  which  will 
enable  him  to  read  the  proper  firing  angle  from  his  table,  or  chart. 
The  altimeter,  or  barometer,  reading  gives  the  actual  altitude  of 
the  machine  and  fnim  this  must  be  deducted  the  estimated  height 

•  if  thenbject  abovesealevel.     The      . _^  __ 

I  iiilex  of  the  graduated  disc  is  then 
place<I  at  22  degrees  .30  minutes  nnd 
-some  easily  visible  object  ahead  of 
and  in  direct  line  with  the  path 
of  flight  is  sighted  at.  This  ohjert 
i-s  caught  in  the  circle  formed  by 
the  air  bubble  and  held  there  while 
turning  the  disc  until  the  index 
falls  into  the  notch  at  the  dead 
pfiint.  .\t  this  instant,  the  stop 
Watch  is  started  and  the  object  "ii 
ihe  ground  is  followed  until  the  (I 
ilegree  of  the  disc  is  checked  at  the 
ilrad  point  when  the  watch  is  im- 
mediately stopped.  The  number  "  "  '  '  "  ''"""■ 
»f  seconds  elapsed,  when  referred  lo  the  chart  in  line  with  the 
itttitude.  indicates  the  speed  of  tiic  machine  with  reference  to  the 
ground  as  well  as  the  sighting  angle  to  employ,  for  example.  Id 
degrees.  The  index  is  then  immediately  set  at  this  angle  and  the 
obsener  is  ready  for  action. 

When  within  1  or  2  miles  of  the  object  of  attack,  the  latter  is 
sighted  at,  first  to  bring  it  within  the  field  of  vision  and  then  to 
^lenter  it  in  the  circle  of  the  bubble  of  the  spirit  level.  At  the 
same  moment,  the  route  corrector  is  set  in  operation  and  the 
galvanometer  indicates  to  the  pilot  whether  \\e  \s  \i^ci"«\t\.%  «. 
course  which  will  bring  the  ninchine  directly  over  t\\e  (fe^etrV,  o 
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[     not.    At  the  precise  moment  when  the  index,  fixed  at  the  numbef  I 

I     degress  of  the  sighting  angle,  that  is,  10  degrees  in  tljc  cose  assunu^ 

I     drops  into  the  notch  at  the  dead  point,  the  observer  operalea  tke 

I     bomb-releasing  device  and  the  bomb  is  dropped.     To  moke  tia 

calculations  of  any  value,  the  pilot  must  keep  tbe  machine  head^n  to 

tbe  wind  througiiout  the  sighting  operation  and  the  air  bubUe  mmt 

be  kept  exactly  in  the  center  of  the  eyepiece,  the  movement  of 

prism  alone  being  utilized  to  keep  the  object  in  the  field  of  visiUL 

Tests  of  the  Gixrz  range  finder  show  that  it  is  reuarkBb^ 

"    rapid  and  simple  in  action  if  the  observer  hai  hiul  a  little  pnr&e 

I     in  its  use.     The  movable  prism  enables  the  object  sought  to  be 

brought  within  the  field  of  vision  very  easily,  while  the 

bubble  permits  centering  it  in  the  vertical  position.     It  accorf- 

ingly  eliminates  errors,  except  when  new  and  iwactically  incal™* 

lable  factors  are  intrfxlufed,  such  as  variations  in  tbc  force  and  the 

direction  of  itie  wind  in  the  strata  of  air  bctwwn  tbal  at 

the  sighting  is  carried  out  and  tbe  ground,  or  wben  it  hi 

impossible  to  bold  the  aeroplane  heading  direclly  into  tlwVBid. 

Hits  a  Matter  of  Chance.  In  spite  of  the  fact  that  the 
of  the  bomb  is  carried  out  by  methods  which  have  Iteen  AoKllto 
be  scientifically  correct,  it  does  not  follow  that  the  Iwmll  aiinii 
finds  its  target  by  any  means.  In  addition  to  tlie  variaUes  vlw^ 
are  not  under  the  control  of  the  observer,  his  task  is  also  uitit 
more  difficult  by  the  nipid  fire  of  anti-aircraft  guns,  the 
which  surround  his  machine  with  bursting  shrapnel  at  any 
from  which  objects  on  the  ground  are  readily  diaoemibl«j. 
Infrequently  bring  about  cither  a  precipitate  retreat  or  cat 
toborcIeuHedatthcwrongniumcJit.  The  observer  must 
on  an  instant's  notice  to  abandon  his  range  finder  for  tha^ 
gun  to  ward  oiT  attack,  in  oasc  enemy  aeroplanes  have 
in  breaking  through  the  line  of  battle  planes  which  accompany  lb* 
bombing  machines  to  protect  them,  so  tlmt  out  of  tbuu.'unii^  <*: 
bombs  dropped,  ewn  with  the  aid  of  an  accurate  range  finder,  a  vfijl 
smaH  percentage  ever  find  tlieir  imirk.  Uomb  dropping  from  pi«t' 
beiglils  is  far  from  being  as  accurate  an  offensive  operation  »»  • 
purely  theoretical  consideration  of  the  matter  would  indicalr- 
Types  of  Bombs.  Explos««s  Em\it(n(cd,  An  aeroplane  buniBj 
■  ranges  from  about  20  to  aWvisX.  \VW  v^M.ft\i\\v«-cw^,-&fc<iaii» 
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types  being  used  by  the  swift  scouting  machines  while  the  heavier 
ones  are  carried  by  the  special  bombing  pinnes,  Fig.  28.  Depend- 
ing upon  the  character  of  the  damage  sought  to  be  inflicted,  the 
type  of  bomb  itsetf  also  varies.    Figs.  29,  30,  31,  32,  33,  34,  and  3.5 


the  details  of  some  of  the  different  bombs  used  by  the  British 

the  Germans.     For  an   attack  upon   buildings,  railway   sta-   , 

is,   anununition   dumps,   and   the  like,  a  high-explosive  bomb   I 

ith  T.N.T.  (trinitrotoluene)  is  employed.     As  In  the  case 
all  high  explosives,  regardlesa  of  tiie  name  giveu  iWoi,  ■^"a  ■«,  * 
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»  compound  with  a  pirric  ftcid  base.  When  attacking  bodies 
rtroops,  slirapncl  shells  are  used.  With  the  exception  of  the  absei 
I  of  the  timing  fuse,  tliis  is  the  same  as  the  shrapnel  used  by  ar 
I  lerj-.  Both  high-explosive  and  shrapnel  aeroplane  bonihs  : 
I  exploded  by  impact,  a  detonating  cap  being  fitted  to  the  no 
1  Thb  contains  a  small  charge  of  fulminate  of  nienury  and  the  fli 
I  from  thb  reaches  the  maiji  charge  through  a  small  opcoiiig  a 


1.II1UJH1  CUm:  b.  Hpi 


inlEndol  Tube  a  I 


Inecting  the  fuse  with  the  body  of  the  shell.     As  tlie  firing  lucch^ 
I  anism  is  so  sensitive  that  it  will  operate  even  upon  striking  a  sd 
[  object,  such  as  the  envelope  of  a  balloon,  the  fuse  is  usually  i 

vided  with  a  safety  device  serving  to  close  the  passage  between  I 
I  and  the  interior  of  the  shell,  so  that  accidental  discharge  of  t 
I  fuse  will  not  explode  the  shell  itself.    After  loading  the  bombs  t 
I  the  aeroplane,  the  fuscN  ari'  tiirin-d  to  the  firing  point.     .\  '20-ptnttM 


«U 


Fig.  34,  PutMvher  Bomb^  J.  Body 
of  Bombl  t.  ai.Biliii>.i  "- 
i,  Ecplotivf  Ch>r«i  i.  1 
rhutao;  i,  pBHUkdon  fUt 
•-;  Fu»fn«ii™l"i  7,  FirinjtC»p.; 
.«.  Krirtion  Iloml;  »,  8j>t(n»i  «. 
n.it:    II,    gafety    SpiiwUt'.    II. 
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that  of  the  high-explosive  shell  and  its  fragments  adding 
to  the  destruction  when  it  bursts.  Tuned  bombs  are  sometimes 
employed  but  they  are  also  fittetl  with  detonating  heads. 

Wind  lanes.  The  tj-pe  of  bomb  also  varies  wnth  the  method 
of  launching  it,  the  hand-iaunched  bombs  employed  by  the  French 
being  eitlier  pear-  or  dart-shaped,  Fig.  Sb.  For  launching  from  a 
tube  or  other  mechanical  bomb-dropping  mechanism,  the  shape  of 
the  bomb  approaches  more  closely  to  the  form  of  the  usual  artillery 
jhell.  In  any  case,  the  bomb  must  be  provided  with  wind  vanes 
insure  its  vertical   fall   as   well   as   to   maintain   its   direction. 


Fll.  M.     Pruirh  AncnpUnn  Dgnilw  of  the  Ttni  sud  IHrt  Type,  uml 
FlnrhFlle.  lit  Sim]  Amw.  Slmilinr  Apprutimnldy 

wind  vanes  are  also  employed  in  some  makes  of  bombs  to 
as  a  safety  device.  Normally,  the  detonator  is  held  off  the 
charge  by  a  collar  and  two  balls  and  the  vanes  are  attached  to  a 
tlyeuded  spindle.  When  tlie  bomb  is  dropped,  the  rotation  of  the 
XBnes  lifts  this  spindle  so  that  the  balls  drop  inward,  releasing  the 
lar  and  detonator,  a  fall  of  at  tea.st  200  feet  l>eing  necessary  to 
implish  this.  Such  bombs  present  the  least  danger  to  the  aviator 
ice  they  will  not  explode  unless  aetimlly  released  from  the  aero- 
plane; a.  rough  landing  has  been  knoivn  to  detonate  other  tjpes. 
Incendiary  Bombs,  Smoke  Borrdm^and  Attows.  \\'hen  it  isdesired 
to  set  fire  to  buildings,  captive  balloons,  or  the  like,  the  shrapnel 
type  of  casing  is  employed  but,  instead  of  baUsAt-^a  OnaiiffA.  "«\'^ 
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gasoline  or  a  similar  highly  inflammable  liquid  which  is  ignited  by 
the  explosion  of  the  shell  itself.  For  artillery  spotting  and  at  times 
to  confuse  the  gunners  of  field  batteries,  a  similar  type  of  shell 
charged  with  some  substance  that  creates  a  cloud  of  heavy  black 
smoke  is  employed.  The  small  steel  arrow,  or  flechette,  is  a  French 
invention  that  is  said  to  be  far  more  destructive  to  massed  troops 
than  shrapnel.  When  dropped  from  a  height  of  2000  or  3000  feet, 
the  velocity  attained  by  the  arrow  is  such  that  instances  are  men- 
tioned in  which  these  small  darts  have  pierced  both  the  cavalrj^ 
ipan  and  his  mount  and  then  embedded  themselves  in  the  ground. 
These  darts  are  about  5  inches  long,  tapering  to  a  needle  point  at  one 
end  and  flanged  in  the  form  of  a  cross  at  the  other,  they  thus  form 
wind  vanes  and  so  spin  and  drop  vertically.  To  launch  them,  100 
or  more  are  packed  in  a  special  container,  the  bottom  of  which  is 
released  by  a  pedal  causing  its  entire  contents  to  drop  at  oner. 
Their  flight  is  erratic  during  the  first  few  hundred  feet,  but  this  is 
an  advantage  since  it  causes  them  to  spread  out  and  cover  a  wide 
area.  When  dropped  upon  cavalry  or  a  horse  transport  train,  even 
from  a  low  altitude,  they  cause  the  animals  to  stampede. 

Zeppelin  Bombs,  The  projectiles  dropped  by  the  large  dirigi- 
bles differ  from  those  just  described  for  aeroplanes  chiefly  in  their 
size  and  weight.  While  the  maximiun  size  of  bomb  that  an  aen>- 
plane  can  employ  is  naturally  limited  to  about  100  pounds,  the 
large  airshi])s  have  a  carrying  capacity  which  enables  them  to 
carry  1  ton  or  more  of  explosives.  It  would  naturally  be  im})racti- 
cable  to  concentrate  this  in  one  or  even  three  or  four  bombs,  since 
the  weight  dr{)i)ped  with  each  unit  would  represent  the  release  of 
an  equivalent  amount  of  ballast  and  would  render  the  control  of  the 
dirigible  difficult.  Some  of  the  bombs  which  have  been  droj)t>e(l 
in  England  and  which  failed  to  explode  are  said  to  have  weighe<l 
as  much  as  200  pounds,  probably  a  maximum.  High-explosive 
and  incendiary  bombs  are  chiefly  used  since  the  big  dirigibles  cannot 
be  safely  employed  in  daylight  when  troops  would  be  visible. 

FORMATION   FLYING 

Formations.  When  a  number  of  men-of-war  operate  together 
all  the  ships  are  under  the  direct  command  of  the  flag  ship  and, 
excej)t  where  a  ship  is  detacheil  for  a  special  mission,  all  move- 
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inents  of  the  fleet  are  concerted.  The  different  movements  are 
termed  formations,  as,  wlien  under  way  togetlier,  the  fleet  is  said  to 
be  in  cruising  formation  and  the  position  of  the  various  units  is 
such  that,  on  the  order  being  given,  they  can  quickly  take  the  line 
of  battle  formation  without  any  nf  the  ships  having  to  cross  the 
^^Durse  of  the  others.  As  long  as  bombing  expeditions  were  carried 
^■iit  by  isolated  machines  or  groups  of  only  two  or  three,  tactical 
^^^lutions  were  unnecessary,  but  with  an  increase  in  the  number 
^Tte  adoption  of  what  may  be  termed  formation  flying  became 
indispensable.  This  in  itself  is  merely  the  application  of  naval 
tactics  to  military-  aviation.  Instead  of  operating  independently, 
each  aeroplane  of  a  sqnailron  or  number  of  squadrons  Is  under  the 
orders  of  a  fleet  commander,  or  flag  ship.  They  fly  in  a  definite 
prearranged  formation  and,  as  in  the  case  of  a  fleet  of  battlesliips, 
each  unit  must  keep  atalion,  that  is,  the  pilot  must  always  main- 
tain his  allotted  position  in  the  formation  or,  upon  orders,  take 
up  another  prearranged  station  with  respect  to  the  balance  of  his 
squadron  and  maintain  that.  As  a  matter  of  fact,  formation  flying 
antedates  na\'ies  by  many  thousand  years,  since  it  has  always  been 
one  of  the  chief  characteristic's  observable  in  the  migratory  flights  of 
different  species  of  birds.  This  is  particularly  the  case  with  wild 
geese  and  ducks,  the  formation  sometimes  being  a  suigle  line,  but 
lore  often  in  tJic  form  of  a  V  with  the  leader  at  the  apex. 

Advantages.  In  an  article  which  appeared  not  long  after  the 
ntbreak  of  the  war,  F.  W.  Lancbester  points  out  that  formation 
flying  is  most  commonly  practiced  by  birds  having  a  small  wing 
span,  or  supporting  area,  in  pn>portion  to  their  weight  and  more 
particularly  by  birds  maintaining  a  high  speed  in  flight,  and  tliat 
the  chief  reason  for  the  adoption  of  a  formation,  rather  than  for 
each  bird  to  take  its  ow"!!  course,  is  economj'  of  power.  The  closely 
maintained  V  acts  in  the  same  manner  as  any  stream-line  body 
in  cutting  down  head  resistance,  the  greatest  amount  of  work  thus 
falling  on  the  leading  unit,  and  it  has  been  noticed  by  numerous 
observers  that,  in  the  flight  of  geese,  the  leader  of  the  formation  is 
changed  from  time  to  time,  another  bird  coming  forward  from  the 
ranks  to  take  its  place. 

lu   military  aviation,  however,  economy  of  power  is  merely 
idental   to   the   operation   of  tactical  \imta.    To   assssm^i^  ■ 
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given  object,  it  is  necessary  to  employ  a  number  of  machines,  and 
to  produce  the  maximum  result  in  the  shortest  time,  it  is  essential 
that  a  concerted  attack  be  made.  This  is  only  possible  where  all 
the  units  comprising  a  squadron  co-operate  in  carrying  out  a  defi- 
nitely prearranged  plan.  In  attacking  a  well-defended  city,  such  as 
London,  the  expedition  must  be  made  under  cover  of  darkness  and 
concentrated  effort  would  be  impossible  without  a  definite  plan, 
while  collisions  or  attacks  upon  one  another  resulting  from  the 
confusion  of  a  disorganized  body  of  machines  would  be  quite  likely. 
In  an  attack  upon  one  air  squadron  by  another  in  daylight,  the 
chief  advantages  are  those  of  concentrated  offense  and  the  best 
position  for  defense,  Mr.  Lanchester  showing  by  an  analysis  that, 
under  certain  well-defined  conditions  of  open  warfare,  whether  at 
sea,  on  land,  or  in  the  air,  the  value  of  a  force  is  proportional  to 
the  square  of  its  niimber,  a  conclusion  that  has  come  to  be  known 
as  the  N-square  law.  That  this  is  not  merely  an  empirical  con- 
clusion has  been  demonstrated  by  its  application  in  a  number  of 
famous  land  and  sea  battles  in  which  victories  have  been  won  by 
a  lesser  force  through  its  concentration  against  the  isolated  units 
of  the  enemy  before  they  have  been  able  to  effect  a  junction. 

Extent  Utilized.  When  the  air  defenses  of  London  began  to 
make  bombing  expeditions  by  means  of  Zeppelins — an  expensive 
pastime — the  Germans  resorted  to  the  aerojJane,  at  first  sending 
isolated  machines  or  gronj)s  of  not  more  than  two  or  three  at  a 
time.  As  the  weight  of  explosives  which  such  a  small  number  of 
machines  is  cai)al)le  of  carrying  is  limited,  however,  they  were  soon 
replaced  by  squadrons  of  aeroplanes  flying  in  formation  over  a  pre- 
determined course  and  all  dropping  their  bombs  at  a  given  mark, 
the  return  flight  being  made  in  the  same  manner.  The  number  of 
machines  in  these  squadrons  was  not  very  Itfrge  and  theu*  operation 
naturally  had  little  bearing  upon  the  problem  of  formation  fl>ing 
for  aerial  combat.  The  })racti(re,  however,  has  been  carried  further 
by  the  Germans,  ])articularly  on  the  western  front  where  it  has 
become  common  to  send  up  a  scjuadron  of  ten  to  twenty  machines 
for  the  purpose  of  attacking  isolated  aviators  in  overwhehning 
force.  This  has  usually  been  accomplished  by  sending  up  jbne 
comparatively  slow  machine  as  a  bait  for  the  allied  aviator,  \yhen 
the  htttr's  attention  wasi  concentrated  on  fighting  this  ^ngle 
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opponent,  he  was  attacked  simultaneously  from  above  and  below  by 
groups  of  machines  detailed  for  that  purpose.  Being  outnumbered 
anywhere  from  ten  to  twenty  to  one,  his  only  recourse  was  to 
attempt  to  escape  but,  with  a  squadron  attacking  on  all  sides  at 
once,  this  was  not  alwaj's  possible  and  many  of  the  losses  of  expert 
allied  aviators  were  due  to  the  adoption  of  formation  attack  by 
the  enemy. 

Bombing  Exyeditiona.  As  in  the  case  of  naval  units,  the  speed 
of  an  aeroplane  is  determined  by  its  armament,  which  in  bombing 
expeditions  takes  the  form  of  its  load  of  bombs.  In  order  to  carry 
this  load  as  well  as  its  supply  of  fuel,  the  observer,  and  the  machine 
guns,  the  bombing  aeroplane  must  have  a  greater  supporting  area, 
just  as  the  battleship  requires  a  broader  and  heavier  platform  for 
its  large-bore  rifles  than  does  the  cruiser  for  its  lighter  battery. 
Consequently,  aeroplanes  are  divided  into  practically  similar 
classes  which  are  determined  by  their  attacking  power  and  speed. 
The  slowest  and  hea\iest  t\pe  is  the  so-called  bombing  plane  whose 
chief  offensive  power  is  re})rcsented  b\'  several  hundredweight  of 
explosives.  Next  comes  the  battJc  plane  having  a  somewhat 
higher  speed  and  equipped  with  machine  guns  so  mounted  as  to 
give  them  an  effective  firing  angle  at  almost  every  degree  of  the 
three  hundred  and  sixtj'.  Then  there  are  the  high-speed  scoutii^, 
or  reconnoissance,  planes  usually  manned  by  the  pilot  alone  and 
having  a  single  machine  gun  for  offense.  This  gun  is  generally  fixed 
so  .that  its  aiming  is  determined  by  the  position  of  the  machine  itself, 
exactly  as  in  the  case  of  the  submarine,  while  the  chief  reliance 
for  defense  b  the  high  speed  of  the  machine  and  the  rapidity  with 
which  it  can  be  handled,  most  of  the  so-called  stunt  flying  being 
done  with  machines  of  this  type. 

To  carry  out  a  bombing  attack  on  an  ammunition  dump  or 
railway  junction  back  of  the  enemy's  lines,  it  would  naturally  be 
poor  judgment  to  dispatch  bombing  planes  alone  since,  with  their 
heavy  load,  they  would  easily  fall  a  prey  to  the  enemy's  battle 
planes  or  scouts.  The  formation  accordingly  consists  o^  a  squadron 
of  bombing  planes  whose  only  duty  is  to  fly  over  a  predetermined 
course,  drop  tiieir  explosives  on  a  given  mark,  and  return  in  the 
same  formation  to  their  base.  To  prevent  attack  on  this  forma- 
ticND*  {t  ia  aea^pftnied  by  a  squadron  of  battle  ^luaes^  ^'^-o^  «-*^  '»■ 
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Fig.  37.     Air  Zones  of  Modern  Battle  (1918) 

From  the  Kround  up  to  6000  feet  is  the  eone  in  which  heavy  aircraft  usually  operate.  They 
are  used  for  artillcrv  obHervatioii.  for  photographic  work,  and  for  bomb  dropping.  In  this  aret 
also  are  the  captive  balloons  whirh  direct  the  fire  of  the  heavy  artillery.  Between  6000  and  12.(IW 
feet  is  the  zone  of  the  buttle  planes  that  struggle  for  the  mastery  of  their  acne,  which  will  give 
thoni  an  opportunity  to  attack  or  protect  the  slower  machines  and  balloons  below  Uiem.  Tb<' 
improvement  in  niaoKines  during  the  la.st  year  htis  made  possible  a  still  higher  Bone  in  which  whst 
might  be  called  destroyer  planes  operate  so  as  to  have  an  advantage  of  position  from  which 
to  attack. 

Canrtft^u  of  "  WorM'if  Work",  Nnr  York  Citit 
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[Kiter  height    Mnft    attitk  is  most  often  carriw]  out  by  diving. 
he  machine  giina  being    bn  light  into  notion  when  fnming  down 
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B  enemy  aa  well  as  after  straightening  out  and  coming  up  under 
3  of  the  machine  attacked,  this  being  a  much  sought  position 
kck  since  it  is  out  of  the  firing  zone  of  the  macKvwe  ^xsrsosi- 
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The  squadron  of  battle  planes  is  in  turn  protected  by  a  squad- 
ron of  scouting  machines  sent  out  in  advance  and  to  still  gpfaiM 
height,  as  the  enemy  machines  most  frequently  lurk  at  high  alti- 
tudes, ready  to  dive  upon  an  unsuspecting  machine  below  in  exiill) 
the  same  manner  as  tlie  falcon  and  the  fish  hawk  capture  thrir 
prey.  Tlie  number  of  machines  engaged  in  a  bombing  expeditinn 
is  determined  to  a  large  extent  by  the  object  to  be  attacked,  ihr 
amount  of  resistance  to  be  expected,  the  distance  to  be  tJ■averK^i 
before  reaching  the  attacking  point,  and.  doubtless,  also  by  thi 
number  of  machines  of  the  various  t\-pes  a\'ailtthle  for  the  piirpow 
at  any  given  base.  As  the  total  ruunber  of  acn>plane3  in  serviw 
,   increases,  the  imits  will  naturally  be  augmented  corrcspoiidinjdy. 

Squadron  AlUick.  A  development  to  be  expected  of  the  prof 
res3  mmie  thus  far  is  that  of  aerial  attack  by  one  squadron  in 
formation  upon  another  or,  as  numbers  increase,  of  one  flert  upon 
another.  The  size  of  tlie  formations  possible  will  be  rvstrirtcd  lij 
the  limitations  of  signaling  as  well  as  by  the  weapons  euiiiloitJ 
and  the  range  at  which  it  is  practicable  for  aeroplanes  Xu  MtA 
one  another.  Since  extremely  high  speeds  make  effective  fire  U 
long  range  out  of  the  question,  ut  present  most  aerial  (TinihaliWf 
carried  on  at  ranges  of  only  a  few  iiundred  yards  or  even  Itw,  ^ 
that  formation  attacks  practically  always  develop  into  imliviJiul 
combats  where  the  squadrons  are  evenly  matched  as  to  iiumb«^ 
OP  the  enemy,  when  present  in  sui>erior  force,  singles  out 
machine  for  attack  I>y  two  or  more. 

Squadron  attacks  as  such  are  acconlingl.v  nothing  new  li'^l 
under  existing  limitations  of  armament  iin<l  lighting  ranges, 
certed  attacks  in  which  the  formations  are  maintaimtl  by 
sides  are  yet  to  be  seen  in  the  air.     With  the  lurge  two-  and  ' 
motored  machines  which  are  one  of  the  developments  of  the 
,'   and  which  have  a  earrjing  capacity  far  in  excess  of  tlie  smi"] 
imits  previously  used,  actions  of  this  class  may  become  a  fe«ti 
of   aerial    fighting   before   the   war   is   over.     Fig.    37  shows 
various  zones  of  aerial  arti\ity  in  which*  the  different  t;p« 
macbioes  oi^rate,  though  the  high-spwd  scouting  machines  «* 
reach  and  even  suriia^is  tlie  higher  altitudes  in<licaled,  height*  « 
1'1,000  to  22,500  leet  i^ow  \»\\\¥.  wAUwift  uncommon.    Fif.^ 
map  of  a  section  o!  VW  lio\A  as,  ?etTv\i\  -Oor  vi«.%*K. 
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I  FLYING   PROBLEMS 

I  FLVINQ  AT  GREAT  ALTITUDES 

I         Altitude  Records.    The  making  of  altitude  records  by  variotn 
■ineans  has  always  held  a  strong  atfrartion  for  daring  individtralji 
Vtheir  performances.  In  addition  to  the  spectacular  element,  ha\'in| 
monie  scieutitie  value  as  to  banimetric  readings,  temperatiufs,  etc 
■Berson,  the  French  aeronaut,  attained  a  height  of  7  miles  in  1901, 
Bf'ig.  39,  and  a  daring  mountaineer  reached  an  nititude  of  4.5  miles 
Kb  1909.    Other  records  are  also  shown  in  the  chart.     During  t 
Bfirst  public  exhibitions  of  flying  in  the  United  States  there  «■« 
tlieen  and  widespread  disappointment  among  the  spectators  o\tf 
Bthe  altitudes  attained.     Heights  of  30  to  50  feet  were  not  at  a 
■satisfatlory  to  the  crowds  to  wliom   the  word   "fl>ing"'  did  not 
f  mean  the  ground-skimming  swoops  of  the  sparrow  but  the  loft; 
soaring  of  the  eagle  or  larger  birds.     At  what  motlest  heights  aero- 
planes were  at  first  flown  is  evident  from  the  fact  that  at  some  tiS 
I  the  earlier  French  meets  the  height  reached  by  the  aviator  vu 
determined  by  means  of  a  captive  balloon  anchored  over  the  £ 
If  the  contestant  flew  above  it,  he  suqiassed  the  former  record  a 
there  was  not  much  question  of  definite  figures.     But  advancemeol 
was  so  rapid  that  this  plan  very  soon  became  obsolete.     From  thfl 
few  hundred  feet  that  seemed  to  mark  the  limit  in  the  eArly 
of  1908,  Morane  rose  to  2500  meters,  or  8202  feet,  only  a  little 
■more  than  a  year  later,  September  3,  1909.     This  ej'e-openiiig  per- 
fornmnee  showed  what  could  be  done  and  immediately  inspiivd 
{■onfidence  in  others.     Competition  was  fostered  by  lumieroiis  and 
substantial  prizes  offered  for  altitude  at  meets,   and  one  recoid 
followed  another,  Johnstone  reaching  a  height  of  97U  feet  in  l 
I   Wright  biplane  during  the  International  Meet  at  Belmont  I'ark  itt 

■  October.  1910,  and  Drexel  surpassing  this  in  a  Bleriot  mouoplwiS 
lonly  a  few  weeks  later  at  Philadelphia  by  attaining  an  altitude-of 
19897  feet.  This  record  stood  but  little  mure  than  a  mouth  before 
I  being  raised  by  the  verj'  liberal  margin  of  more  than  UKW  feet  b^ 

■  Hoxsey,  who  soared  to  an  altitude  of  11,474  feet  in  California  oi 
I  December  27,  1910.  These  records  were  considerably  surpassed  I 
[1911,  Beachey  having  risen  well  over  12,000  feet  at  the  Cliioaf 

Meet  in  Augu.-'t,  while   French   aviators  also  made  new  altitud 
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ird.s.  Prior  to  the  war,  however,  vcrj'  few  aviators  hat!  ever 
ched  altitudes  in  excess  of  15,000  feet  and  there  were  not  many 
ichines  eapable  of  reaching  tliat  height.  Even  for  the  first  six 
lontlis  of  tlie  war.  it  was  unusual  to  carry  on  aerial  operations 
ve  ail  average  lieight  of  4000  to  5000  feet,  as  the  majority  of 
machines  employed  were  not  effective  witli  tlie  loads  carried  at 
ly  greater  altitude.  In  fact,  the  greatest  progress  in  aeronautics 
'due  to  the  intensive  building  program  brought  about  by  the  war 
has  been  in  the  extraordinary-  climbing  ability  of  the  modern  aero- 
plane. It  is  now  nothing  unusual  for  aerial  combats  to  start  at  a 
height  of  20,000  feet  or  o^■e^  and  manj-  of  the  more  recent  machines 
iim  climb  to  this  hitherto  unattainable  altitude  in  one  hour  or  less. 
It  now  seems  quite  possible  that  an  aeroplane  can  be  flown  as  high 
iis  human  endurance  will  permit. 

Climbing  Speed.  The  present-day  requirements,  wliich  the 
aeroplane  designer  must  meet,  call  for  the  ability  to  climb  10,001! 
feet  in  ten  minutes  in  a  reeonnoissance  machine.  That  this  repre- 
sents a  great  advance  over  pre-war  standards  is  evi(Jent  from  the 
following  excerpt  from  the  first  edition  of  the  book, 

"It  has  been  common  for  a^^ators  to  travel  the  first  7000  or 
S(HK)  feet  of  their  record-breaking  upward  flights  in  a  little  more 
or  less  than  one-half  hour.  Hoxsey  is  said  to  have  risen  the  first 
9000  feet  of  his  record  flight  in  California  in  thirty-five  minutes. 
This  is  equivalent  to  being  transported  upwarii  IJ  miles  in  about 
the  same  time  that  it  would  take  the  express  elevators  of  one  of 
skyscraping  towers  to  make  the  same  distance.  The  barograph 
.rd  of  Hoxsey's  flight  at  Belmont  Park.  October  27, 1910,  Fig.  40. 
shows  that  he  rose  to  n  height  of  over  5(K)0  feet  in  the  first  thirty 
minutes.  In  tins  flight,  however,  he  found  the  wind  too  severe  and 
reached  an  elevation  of  only  65(H)  feet;  in  attempting  to  get  down, 
he  dropped  the  whole  distance  in  less  than  fifteen  minutes,  having 
lieen  blown  backward  about  30  miles.  Fig.  41  shows  the  reconl 
made  at  the  same  time  and  place  by  Johnstone  when,  although  facing 
the  wind,  he  was  blown  backward  42  miles.  There  are  numerous 
ways  of  measuring  elevation — of  varying  degrees  of  accuracy— and 
general  the  simplest  and  easiest  are  the  least  accurate." 

Methods  of  Altitude  Measurement.     Cnpfiee  Bulloon.    A  rule 
it  an  BitUude  flight  was  to  be  considered  ua  iwakw^  a,  tcc'.v!\  •.w\'> 


1  it  exceeded  by  at  least  300  feet  the  mark  previously  set  was 
adopted  at  an  early  day.  In  190S,  getting  up  as  much  as  300  feet 
was  in  itself  considered  a  record.  At  that  time  a  certain  amount  of 
rope  with  a  capti\'e  balloon  attached  to  its  upper  end  sufficed  as  a 
measure  of  the  height  reacheii.  The  fact  that  a  caim  might  permit 
the  balloon  to  rise  straight  up  and  stay  there  or  a  wind  might  carry 
it  along  some  distance.  Urns  reducing  its  vertical  height  above  the 
ground  considerably,  made  little  difference.  As  a  matter  of  fact,  a 
breeze  sufficient  to  do  this  was  more  than  enough  to  prevent  a 
flight  of  any  kind 

Triangvlation.  The  balloon  very  shortly  becoming  of  no  tui- 
ther  use  a-s  an  altitude  indicator,  triangulation  was  resorted  to,  this 
method  being  employe<l  at  the  Har\'iinl  Meet  near  Boston,  in 
September,  1910.  By  this  means,  two  obsen'ers  at  the  end  of  a 
measured  base  line  wateh  the  soaring  machine  and  obtain  its  angle 

•  <!  elevation  simultaneously.     From  these  two  angles  and  the  length 

•  if  the  base  the  other  two  sidi-s  of  the  triangle  and,  consequently, 
the  height  of  its  apex  maj'  readily  be  calculated  with  the  aid 
of  trigonometric  formulas.  The  lt)nger  the  base  line  adopted  and 
the  more  accurate  the  instruments  employed  for  the  observation,  the 
more  exact  the  result  will  be.  As  this  method  is  based  upon 
the  aviator  being  easily  visible  throughout  the  flight,  its  usefulness 
was  naturally  short-lived. 

It  will  tie  easy  to  appreciate,  for  instance,  how  difficult  it 
would  have  been  to  ascertain  the  heights  attained  in  any  of  the 
attempts  at  altitude  records  that  marked  the  close  of  1910.  The 
rivalrj'  to  be  the  first  to  attain  10,000  feet  was  very  keen.  Drexel 
came  very  close  to  this  mark,  his  corrected  readings  showing  a 
shortage  of  oidj-  a  little  over  100  feet.  The  record  was  finally 
made  by  Legagneux,  who,  soaring  over  Pau,  France,  reached  a 
height  of  10,409  feet.  Then  Jloxsey,  in  a  Wright  biplane,  ascended 
almost  1000  feet  higher  at  Los  iVjigeles  on  December  27,  1910. 
This  represents  a  distance  of  nearly  2  miles  from  the  earth  and 
long  before  that  height  is  reached  such  a  small  object  as  an  aerti- 
plane  becomes  invisible  to  the  naked  eye,  and  while  it  would  be 
extremely  difficult  for  one  observer  with  a  telescope  to  keep  the  tiny 
I  ■tk  in  view,  it  would  be  much  more  difficult  for  two  to  follow  it 
[ii.untly. 


62 


MILITARY  USES  OF  AEROPLANES 


TABLE  I 
Fall  of  Barometer  at  Different  Elevations  at>ove  Sea  Level 

(Latitude  40  degrees) 


Height  above  Sea  T^evel 
(ft.) 

Fall  of  Barometer 
(in.) 

917                                 1 
1860                                 2 
2830                                 3 
3830                                 4 
4861                                  5 

In  the  case  of  Hoxsey's  record-breaking  flight,  his  machine  was 
completely  lost  to  view  for  more  than  a  half-hour  and,  although 
subsequent  events  showed  that  he  had  gone  practically  straight  up 
over  the  aviation  field — coming  down  again  at  the  same  place— it 
was  impossible  for  numerous  experienced  observers  to  sight  him 
even  with  the  aid  of  field  glasses.  In  fact,  as  the  ascent  was  made 
in  little  short  of  a  gale,  the  wind  blowing  40  m.p.h.,  it  was  feared 
that  he  had  been  blown  away  and  surrounding  towns  were  notifieil 
to  be  on  the  lookout  for  the  machine.  Only  a  few  years  ago,  therv 
was  scarcelv  an  aviator  who  dared  rise  in  the  air  when  there  \va> 
more  than  a  zephyr  stirring,  so  that  Iloxsey's  ascent  was  an  extraor- 
dinary feat  in  more  than  one  sense,  affording  a  striking  illustra- 
tion of  the  stability  of  tlie  biplane.  The  same  wind  but  a  short 
time  before  had  brought  Latham's  huge  Antoinette  monoplane  t'» 
grief.  (It  was  Latham  who  set  the  initial  high  mark  for  1910  at 
^^445  feet,  in  PVanee.)  On  landing,  Iloxsey  was  so  benumbed  that 
he  could  scarcely  speak  and  had  to  be  lifted  from  his  seat  and 
supported  until  his  circulation  again  approached  the  normal. 

Barograph.  Thti  aeroplane  accordingly  outgrew  the  triangula- 
tion  method  of  ascertaining  the  height  reached  after  it  had  been 
given  a  few  trials.  x\lthough  its  accuracy  is  indisputable,  this 
being  the  means  employed  by  civil  engineers  to  determine  the 
height  of  mountains,  it  was  not  depended  upon  solely  even  on  the 
occasions  in  question,  a  barograph  being  placed  on  the  machine  in 
addition.  Now  that  invisible  heights  have  been  attained,  even 
under  the  clearest  weather  conditions,  the  barograph  is  the  only 
resource.     During  1917,  altitudes  of  over  23,000  feet  were  reached. 

The  barograph,  as  its  name  indicates,  consists  of  a  recording 
aneroid  barometer  which  for  aeroplane  use  is  housed  in  a  light  but 
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strong  glass  case,  as  shown  in  Fig-  42,  The  aneroid  barometrr 
proper  is  a  very  delicately  made  and  adjusted  vacuum  box,  or 
rather  a  series  of  exhausted  cells  of  very  thin  metal,  placed  one 
iiliDve  the  other.  It  is  so  delicately  adjusted  that  it  is  susceptible 
in  \ery  slight  changes  in  atmospheric  pressure,  contracting  as  the 
;.n-ssiire  int-reascs  and  expanding  as  the  pressure  decreases,  as  in 
jsci-nding.  Its  movements  are  transmitted  through  a  series  of 
multiplying  levers  to  a  pivoted  lever  carrying  at  its  end  a  small  pen 


supply  of  ink.  This  pen  bears  against  a  chart  wound  upon 
iL  hollow  drum,  the  latter  being  revtilved  by  clockwork.  The  chart 
is  graduated  according  to  the  metric  sj'stem,  usually  representing 
meters  of  ascent,  the  divisions  being  of  one  millimeter  each,  or  in 
hundredths  of  an  inch,  representing  feet  of  ascent.    The  abscissas  of 

f  chart  mark  the  a.scent  or  descent  and  the  ordinates  mark  di\n- 
B  of  time. 
A  mercury  barometer  falls  approximately  1  inch  for  every  900 
of  ascent,  as  can  be  seen  from  Table  I  which  win  compiled 
:a  mean  atmospheric  pressure  in  latitude  40  degrees. 


MILITARY   USES   OF   AKHOPLANES 

But  despite  its  sensitiveness  and  delicacy  of  adjustment,  t 
use  of  tVie  barograph  is  not  without  its  drawbacks,  !t  is  afTectt 
ad\'erscly  by  the  vibration  of  the  motor  and  to  guard  against  tl 
various  expedients  are  resorted  to.  In  one  of  his  attempts,  Lathi 
suspended  the  instrument  around  his  neck— a  plan  tiiat  rcndrRd 
necessary  to  take  his  hands  from  the  control  in  orilcr  to  consult 
and  one  that  miglit  prove  annoying  in  other  ways,  Ordinarity, 
is  suspended  by  three  spring  straps  from  guy  wires  or  other  Q 
venient  points  on  the  machine  where  it  will  be  in  plain  sight  ol  i 
aeronaut,  Fig,  46.  As  far  back  as  twenty  years  ago,  Colonel  I 
adopted  the  scheme  of  suspending  the  barometer  itself  inside 
box  or  housing  by  means  of  rubber  bands  fastened  to  the  diffen 
corners,  thus  isolating  the  in.strument  somewhat  after  the  i 
of  a  spider  hanging  in  the  middle  of  its  web.  The  baroniWcr  tl 
protected  was  emplojed  in  connection  with  souwling  balloons  I 
it  was  found  that  a  fall  of  12  to  15  feet  had  no  effect  on  it. 

A  further  disadvantage  of  the  barometer  is  what  may  bete 
its  lag,  or  rdardation.   In  other  words,  it  does  not  respond  u 
to  the  change  of  pressure.    This  lag  will  be  more  or  less  a 
ated  according  to  the  rapidity  with  which  the  altitude  is  ■ 
and  the  pressure  correspondingly  modified,  so  that,   in  order 
obtain  a  correct  reading  at  any  given  height,  a  brief  period  tnH 
be  allowed  to  permit  tlie  instrument  to  accommodate  itself  to  I 
changed  atmospheric  conditions.    The  rapidity  with  which  it  * 
do  this  depends  in  large  measure  on  the  extent  of  the  diffen 
between  the  actual   and  the   recorded   pressure  at   the  room 
Wliere  the  variation  is  great,  the  force  tending  to  overcome  I 
inertia  of  the  instrument   is  correspondingly   increased, 
atmospheric  pressure  may  be  said  to  accumulate  a  head,  i 
to  a  column  of  water,  this  being  true  of  thermal  as  well  as  b 
metric  variation  in  its  Influenc'e  ujTOn  the  recording  in-struineDt. 
even  with  this  allowance  for  accommodation  to  changed  coiid 
the  barograph  indications  approach  the  actual  height  only  ia 
varying  degree,  experience  having  demonstrated  that  the  India 
height  is  almost  alwaj-s  more  or  less  inferior  to  the  real  i 
attained. 

/since  the  reading  o^  tW  w^afct^]lSneut  denotes  ouly  the  diffffi 
in  pressure  betweeu  ti\e  pomt  oV  ^e^wVM 


EBe  barograph  employed  must  be  calibrated  just  before  being  used. 
«nd  its  record  is  also  subject  to  correction,  depending  upon  the 
atmospheric  conditions  prevailing  at  the  time. 

Extreme  Cold.  Flying  at  extreme  altitudes  involves  numerous 
difficulties,  not  the  least  of  which  is  the  verj'  low  temperatiu-es 
encountered  at  any  time  of  the  year  and  more  particularly 
during  the  wiuter  months.  With  the  temperature  beiow  freezing 
at  ground  level,  the  mercury  almost  "drops  out  of  the  tube" 
at  2().(KX>  feet  and  the  crew  of  a  machine  at  that  height  are  in 
serious  danger  of  being  badly  frostbitten.  This  accounts  for  the 
special  type  of  cowling  provided  in  later  designs,  in  which  the 
housing  leading  directly  aft  from  around  the  motor  to  the  pilot's 
and  observer's  enclosure  brings  back  a  blast  of  warm  air  from  the 
motor  in  the  tractor  type  of  machine.  In  the  pusher  type  of 
machine,  the  radiator  is  sometimes  placed  iji  front  of  the  pilot  for 
the  same  purpose.  The  extreme  cold  also  has  a  detrimental  effect 
on  the  engine,  since,  unless  the  radiator  is  covered,  the  cooling 
water  becomes  much  too  cold  and  a  considerable  falling  off  in  the 
efficiency  of  the  motor  results.  In  fact,  cases  ha\'e  been  known 
where  the  water  of  the  cooling  system  has  frozen  when  descending 
from  great  heights  with  the  motor  shut  off. 

Change  in  Atmospheric  Pressure.  Rising  from  the  ground 
level  to  a  height  of  10,0(X)  feet  is  equivalent  to  passing  through  a 
cotisiderHble  range  of  atmospheric  pressure  and  so  great  a  change 
in  the  few  minutes  required  for  this  climb  in  a  modern  aeroplane 
is  apt  to  have  a  marked  effect  on  the  pilot.  This  depends  very 
largely  on  the  individual,  some  men  being  affected  to  a  much  greater 
extent  by  the  rarefied  air  tlian  others.  Despite  the  most  thorough 
protection  in  the  way  of  clothing,  the  discomfort  from  the  cold, 
particularly  when  an  18,000-  to  20,000-foot  level  ia  readied,  is  apt 
to  be  extreme,  unless  advantage  can  be  taken  of  the  warmth  from 
the  motor;  but  it  is  in  the  physiological  effects  ujioii  him  that  the 
pilot  is  apt  to  suffer  most  in  this  rapi<I  ascent  to  a  great  height. 
Tlie  respiration  becomes  much  more  rapid  and  shorter,  in  addition 
to  which  there  is  «  sensation  of  giddiness  aggravateS.by  pains  in 
tlie  head,  their  severity  differing  with  the  individual.  Though 
brought  about  by  exactly  reversed  conditions,  the  dNcomfort 
tiecasioned  Is  similar  to  that  felt  in  descending  into  a  c(i.v?&ijiAS^i«'c 
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a  pressure  of  two  or  three  atmospheres.  The  latter  experience  is 
paralleled  in  making  a  rapid  descent  from  a  great  height,  thus 
going  from  a  lower  to  a  much  higher  atmospheric  pressure,  and 
many  aviators  suffer  considerably  from  pains  in  the  ears  and  head. 
When  mounting  quickly  to  great  altitudes,  some  pilots  eiq)erience 
a  mild  attack  of  caisson  disease,  commonly  known  as  the  'T)ends". 

Oxygen  Employed.  Under  the  conditions  attendant  upon  a 
rapid  climb  to  an  altitude  of  20,000  feet,  there  is  always  a  risk  of 
sudden  collapse  and  a  small  flask  of  ox>'gen  is  part  of  the  pilot's 
equipment.  His  instructions  are  to  use  this  whether  he  experiences 
severe  discomfort  or  not,  since  by  its  aid  he  is  rendered  much  more 
alert  and  physically  more  capable  of  meeting  any  emergency  that 
may  arise.  The  iBask  holds  suflBcient  oxygen  for  one  hour  of  con- 
tinuous use  and  is  fitted  with  a  reducing  valve  which  is  adjusted 
to  pass  only  the  necessary  amount  of  the  gas  into  the  face  mask 
that  acts  as  a  mixing  chamber  with  its  inlet  and  exhaust  air  valves. 
Ordinarily,  this  is  only  used  intermittently,  so  that  the  supply  is 
sufficient  for  a  long  flight.  The  effect  of  inhaling  the  oxygen  is 
practically  equivalent  to  a  sudden  return  to  normal  atmospheric 
pressure,  except  that  the  bulging  sensation  in  the  head,  similar  to 
that  experienced  with  a  very  severe  cold  in  the  head,  persists.  The 
only  after  efl'ects  are  said  to  be  an  extreme  thirst.  With  experience 
in  flying,  aviators  become  more  and  more  accustomed  to  the  high 
altitudes  and  the  ill  effects  are  felt  less. 

Flying  in  Clouds.  While  a  small  cloud  often  affonls  a  ven 
welcome  shelter  to  the  j)il()t  who  is  j)ursued  by  a  superior  enemy 
force,  since  the  mist  permits  him  to  baffle  his  pursuers  by  chang- 
ing his  course,  cloud  banks  are  themselves  the  aviator's  worst 
enemy.  In  the  all-enveloping  mist  of  a  heavy  cloud  bank  the 
aviator  not  only  literally  becomes  lost  but  is  frequently  so  confused 
that  his  machine  gets  hopelessly  out  of  control,  and  numerous 
fatalities  have  resulted.  The  chief  object  of  designing  an  aeroplane 
with  its  <'enter  of  gravity  slightly  forward  of  its  center  of  pressure 
is  to  give  it  a  good  gliding  angle,  so  that,  immediately  uj)on  the 
power  being  shut  of^',  it  will  automatic*ally  assume  this  angle,  thib 
relieving  the  pilot  of  the  necessity  of  watching  its  longitudinal  equi- 
librium. This  is  particularly  valuable  when  astray  in  the  clouds 
since  all  sense  of  the  horizonjal  is  lost.    Of  course,  the  clinometer 
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I  guide  tu  the  attitude  of  the  machine  with  relation  to 
lu>  liorizontal,  but  the  pilot  has  so  many  things  to  guard  against 
lijt  it  is  important  to  be  relieved  of  some  of  them. 

Where  the  doud  bank  Is  of  no  great  depth,  it  is  not  difficult 
i'l  ii  pilot  to  fly  riglit  up  through  it  or  to  pass  in  and  out  of 
r  iiiiain  in  descending,  but  dense  rain  clouds  are  often  several 
housand  feet  in  depth  and  a  long  climb  without  coming  out  into 
he  sunshine  again  is  apt  to  prove  confusing.  With  nothing  but  the 
ristnunents  as  a  guide,  it  becomes  very  difficult  to  maintain  lateral 
(ability  and  after  a  few  swings  the  compass  card  takes  up  the  same 
lovemcnt  and  swings  erratically  back  and  forth  giving,  tlie  impros- 
ion  that  the  machine  itself  is  rolling  and  yawing  much  more  than 
intually  the  case.  This  adds  to  the  difficulty  of  straightening 
lit  on  a  course  again  so  that  before  long  the  machhie  is  literally 
luubling  about  in  the  clouds.  A  British  aviator  mentions  an 
astanee  in  which  the  machine  actually  disintegrated  in  a  cloud, 
he  main  planes  landing  about  half  a  mile  from  the  body.  The 
viator  sometimes  finds  himself  dropping  out  of  the  cloud  in  a  spin 
III)  instances  are  reported  in  which  the  wings  have  collapsed  in 
lie  sudden  pull-up  from  a  vertical  nose  dive. 

The  lack  of  a  fixed  visible  point  is  the  chief  cause  of  the  trouble. 
'hough  actually  steering  by  compass,  the  pilot  is  unconsciously 
uided  in  clear  air  by  his  view  of  the  horizon.  He  is  aware  of  the 
eviiilion  of  the  nose  of  his  machine  from  the  course  almost  before 
lie  compass  ha.*;  had  time  to  indicate  it,  so  that  the  correcting 
liovement  of  the  rudder  has  been  applied  before  the  machine's 
wing  has  an  opportunity  to  assume  mure  than  negligible  propor- 
ions.  Lacking  this  guide  in  a  cloud,  however,  tlie  nose  of  the 
nachine  has  already  swung  around  before  the  compass  moves  and 
,  sudden  and  large  swing  of  the  latter  causes  the  pilot  to  apply  an 
xcessive  correction  which  results  in  bringing  the  machine  swiftly 
last  the  neutral  point  and  into  a  sharp  swing  in  the  opposite  diret,-- 
ioD.  This  checks  the  air  speetl  and  the  nose  of  the  machine  suddenly 
Irops,  resulting  in  an  equally  sudden  acceleration.  If  banked  above 
n  angle  of  45  degrees,  using  the  elevator  has  little  or  no  effect, 
incc  at  this  angle  the  elevator  becomes  the  rudder.  Once  the 
'  i'ltiir  loses  control,  the  instruments  are  of  little  value  as  the  air 
Me  of  the  clinometer  becomes  badly  affected  by  centrifugal  fottic 
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so  that  all  of  these  erratic  movements  are  gone  through  wii 
the  pilot  having  the  slightest  idea  of  the  position  hb  madii 
taking  with  relation  to  the  ground.  Of  course,  if  left  to  its 
stable  machine  would  eventually  right  itself  and  assume  its  ih 
gliding  angle  but  doing  so  would  involve  a  sheer  vertical  nose 
of  several  moments,  resulting  in  a  high  speed  that  would  mt 
very  dangerous  to  attempt  to  straighten  out  too  suddenly. 

CROSS-COUNTRY  FLYING 

Drift  and  Compass  Deviation.    Given  the  direction  thai 
place  bears  from  another,  it  would  appear  to  the  uninitiated 
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Fiff.  43.     Diagram  Illustrating  Method  of  Laying  Coune 

flying  from  the  first  place  to  the  second  was  simply  a  qucstio 
following  a  compass  coui^  lot  \)wi  \xcftfc  x^RRaawrj  Xs^^^n^^ 
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In  naval  parlance,  if  X  is  north  of  1'  on  the  accompanying 
iagram.  Fig.  43,  -V  is  then  said  to  bear  due  north  of  1'  and,  to 
each  ,V  from  J',  the  pilot  of  an  aeroplane  should  reach  A'  by 
..  iujj  due  north  from  Y.  In  case  the  two  places  are  200  miles 
j'iiri,  he  should  reach  A'  at  the  end  of  two  hours.  This  at  least 
iiMs  good  in  theory.  But  there  are  other  factors  which  must  be 
aken  into  consideration.  In  the  case  of  a  sailing  vessel  proceeding 
rom  Y  to  X,  the  wind  being  on  the  beam,  that  is,  from  the  west 
nd  blowing  25  m.p.h.,  the  navigator  would  not  lay  his  com^e  due 
lorth.  If  he  did,  he  would  find  himself  at  about  the  point  Z,  or 
ome  25  miles  to  the  westward  of  A',  after  having  run  20<)  miles. 
?hia  would  be  due  to  tlie  drift  (drift  in  this  connection  is  used  in 
ts  marine  and  not  in  its  aerodjTiamic  sense),  or  leeway  caused  by 
he  wind  forcing  the  ship  sideways  at  the  same  time  that  it  is  being 
iropelled  forward.  The  navigator  would  accordingly  lay  his  course 
'>est  of  north,  the  amount  of  westing  depending  upon  the  strength 
if  the  wind  and  the  set  of  the  tide  or  the  current  as  shown  on 
he  charts,  if  In  niidocean.  The  amount  of  westing  would  also 
lepend  upon  the  known  deviation  of  the  compass,  since  the  diree- 
ion  of  the  magnetic  needle  with  respect  to  the  true  north  varies 
n  different  parts  of  the  earth's  surface.  (In  the  latitude  of  New 
fork  City,  this  deviation  Is  approximately  10  degrees  west  of 
lorth  and  is  increasing  about  one-hulf  second  per  annum.)  After 
laving  ad(ie<l  or  deduc-ted  the  deviation,  in  accordance  with  the 
elation  that  it  bore  to  the  course  desired,  what  is  known  as  the 
orrected  compass  course  is  arrived  at,  since  the  deviation  repre- 
ents  the  difference  between  the  north  and  south  lines  on  a  map 
nd  the  magnetic  north  to  which  the  compass  needle  points.  For 
xample,  on  the  map  A'  lies  due  north  of  Y,  but  as  the  deviation 
t  10  degrees  30  minutes  west  at  Y  (given  on  marine  ehart.s  with 
he  annual  rate  of  increase),  the  true  compass  course  would  be  north 
0  degrees  30  minutes  west.  To  obtain  the  corrected  compass  course, 
be  amoimt  necessary  to  overcome  the  drift  of  the  wind  in  the 
Jice  given  would  have  to  be  deducted.  In  case  the  wmd  were 
ing  from  the  east,  Ixith  corrections  would  have  to  be  added. 
Effect  of  Drift  on  Aeroplane.  In  the  same  manner,  the  pilot 
taeropkne  must  correct  bis  compass  eoiirse  for  the  deviation 
1  QU  his  map  and  he  must  aUo  approximate  the  aUuwu.w^ 
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necessary  for  drift,  or  leeway,  which,  for  several  reasons,  is  a 
much  more  difficult  factor  to  arrive  at  accurately  in  the  case  of  an 
aeroplane  than  it  is  with  a  sailing  ship.    First,  the  wind  on  the 
ground  and  the  wind  at  which  the  machine  flies  are  very  differcnt 
quantities,  and  second,  the  laeroplane  is  immersed  in  but  a  ain|^ 
element.    A  ship  is  driven  sideways  by  the  wind  but  this  is  laigdy 
counteracted  by  the  hold  that  the  water  has  on  it,  while  the 
amount  of  leeway  that  a  sailing  ship  is  making  is  evident  from 
the  deviation  of  the  wake  astern  from  the  course  the  ship  is  sailing. 
If  the  current  is  in  the  same  direction  as  the  wind,  the  foamy  wake 
left  astern  will  be  deflected  at  a  greater  angle  to  the  ship's  course;  if 
in  the  opposite  direction,  its  strength  may  be  such  as  to  cause  the 
wake  to  trail  out  straight  astern.    In  any  case,  the  number  (tf 
miles  per  hour  that  the  current  is  carrying  the  ship  to  one  side  or 
the  other  is  accurately  given  on  the  charts.    Apart  from  the  amount 
of  deviation  from  the  magnetic  north,  as  given  on  his  map,  the 
aeroplane  pilot  has  nothing  to  guide  him,  since  the  aeroplane  leaves 
no  visible  wake  and  the  amount  of  leeway  the  machine  is  making 
is    imperceptible,    even    in    strong    winds.    He  must  accordingly 
depend  to  a  very  large  extent  upon  his  knowledge  of  fl\'ing  and  his 
familiarity  with  the  particular  machine  he  is  using,  since  aeroplanes 
differ  as  ships  do  in  the  amount  of  leeway  they  will  make  in  a 
wind  of  a  given  strength.    The  importance  of  correctly  estimating 
this  factor  when  undertaking  long-range  bombing  expeditions  over 
the  enemy's  country  is  evident. 

Assume  that  the  aeroplane  base  is  at  Y,  Fig.  44,  and  A'  is  to 
be  attacked.  The  pilot  is  given  the  direction  and  the  strength  of 
the  wind  blowing  on  the  ground  at  the  time  of  his  departure,  as 
recorded  by  the  anemometers  at  the  base,  and  he  must  allow  for 
differences  in  both  direction  and  strength  at  the  altitude  of  \m 
flight  path.  An  east  wind  blowing  at  the  rate  of  30  m.p.h.  at  the 
ground  may  be  an  easterly  wind  of  50  m.p.h.  at  10,000  feet,  or  it 
may  be  a  northeast  or  a  southeast  wind  at  that  height.  As  he 
knows  the  normal  over-the-ground  speed  of  his  machine,  however, 
his  air-speed  meter  will  enable  him  to  make  approximate  correc- 
tions, though  if  he  must  fly  with  the  wind  quartering,  that  is, 
striking  the  machine  at  an  angle  to  its  course,  the  task  of  making 
this  allowance  correctly  becomes  more  difficult.    Unless  this  allow- 
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ance  is  approxiniately  accurate  or  the  pilot  is  able  to  correct  his 
course  by  means  of  occasional  landmarks,  the  end  of  the  200-mile 
flight  may  bring  him  up  at  a  point  15  or  20  miles  to  either  side  of 
the  town  to  be  attacked,  quite  possibly  over  a  totally  different 
town,  or  maybe  out  in  the  open  country  dbtont  from  any  center 
with  which  he  is  familiar.  As  the  amount  of  fuel  carried  does  not 
allow  for  any  gi«at  excess  over  that  needed  to  make  the  round 
trip,  he  must  return  without  having  accomplbhed  his  object  and, 


even  at  that,  may  find  himself  compelled  to  descend  before  getting 
back  to  his  base.  This  will  account  for  the  instances  in  uhich 
aome  of  the  pilots  on  bombing  expeditions  are  reported  as  "lost". 
Plotting  Course.  Reference  to  Fig.  44  will  make  clear  the 
method  followed  by  a  pilot  in  plotting  his  course  to  reach  a  dis- 
tant town  on  a  bombing  expedition.  In  this  case,  .7  is  to  be 
sttadted  by  an  teraplsite  squadron  flying  from  Y.  The  wind  at 
^  ground  is  blowing  from  the  west  at  25  m.p.h.  but  \&  ^vi^'^  'exi& 
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uneven.     It  has  been  decided  to  fly  at  an  elevation  of  8000  leet,  ■ 
so  the  pilot  calculates  that  it  will  be  blowing  in  the  same  direction  fl 
at  50  m.p.h.  at  that  altitude.     The  deviation  given  on  thech&rtl&H 
10  degrees  west.     He  accordingly  calculates  how  far  off  his  count  J 
a  50  m.p.h.  wind  would  blow  him  in  flying  200  miles  if  he  follom^l 
the  compass  course  without  allowing  for  it  and  plots  this  correctinlW 
as  shown  on  the  diagram,  which  becomes  a  parallelogram  of  forces 
In  the   particular   instance   illustrated,  while  A'  bears  due  norii 
from    1'  on  the  map,  the   allowance   for  drift,  or  leeway,  woulil 
make  the  corrected  course  approximately  the  magnetic  north.    I:" 
his  calculaticiiis  have  been  accurate  and  he  has  made  the  correct 
allowance   for  the   lessened  over-thc-ground   speed — the  aerwplanr 
havuig  a  normal  speed  of  100  m.p.h. — the  end  of  about  two  houn 
flying  should  bring  him  to  the  point  Z,  fnim  which  the  ubjwt  iJ 
attack  should  be  easily  visible  so  that  any  further  correction  in 
the  course  could  then  be  made. 

In  case  the  velocity  of  the  wind  or  its  direction  has  been  oii>* 
calculated,  the  original  calculations  will  not  be  of  much  assistina 
.and  the  course  will  have  to  be  corrected  from  time  to  time  bv 
observations  of  landmarks,  such  as  lakes  or  rivers,  which  can  1* 
recognized  from  a  study  of  the  map.  When  there  18  a  groumi 
mist,  which  hangs  only  a  few  hundred  feet  or  less  above  tlie  si> 
face,  this  becomes  impossible  and  reliance  must  be  placed  on  ik 
compass  alone.  The  aeroplane  must  then  be  kept  on  a  roortK 
parallel  with  A'l'  in  the  diagram,  Fig.  44,  which  will  csum;  it  I 
travel  in  the  direction  of  }'.V,  due  to  the  influence  of  the  "in 
Lakes,  rivers,  and  towns  are  the  chief  landmarks  of  value  to  * 
aeroplane  pilot,  since  elevations,  unless  very  high,  become  so  W 
tened  out  when  ^■iewcd  from  an  altitude  a.s  to  be  practically  iW" 
tinguishable. 

FLvrNQ  OVER  WATER 

Aeronautical  Limitations  of  Gimpass.  In  the  section  on  "CrM 
Country  Flying"  already  giveu.someof  the  shortcomings  of  the  coB 
pass  have  been  pointed  out.  While  these  are  such  as  to  rwji* 
correction  in  order  to  fly  a  given  course  as  well  as  the  notiwfl 
landmarks  in  order  to  check  the  latter,  they  are  not  the  i 
serious  to  which  th'\s  BV\p\io?«A\^  m»st  reliable  of  instruBicnts  ii 
subject  when  used  on  the  aeT>;)v\aR«.     K  aVxij  we^i^waNsM^a^vs-wie 
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changes  Its  angle  of  heel  as  rapidly  as  an  aeroplane  imr,  under 
iirdiiiary  conditions,  does  it  proceed  for  any  length  of  time  when 
heeled  over  at  any  considerable  angle.  When  an  aeroplane  is 
banked,  as  in  making  a  turn,  it  not  only  assumes  a  much  sharper 
angle  of  heel  but  also  maintains  it  for  a  much  longer  time  than  a 
n)lling  ship,  so  that  the  effect  of  gravity  upon  the  a»mpass  needle 
iixercomes  its  magnetic  attraction.  I'nder  such  conditions,  the 
magnitude  of  the  error  is  so  great  that  the  indication  of  the  com- 
pass is  valueless.*  In  some  instances  it  is  said  to  be  300  degrees, 
or  an  entire  swing  around  the  circle,  giving  no  clue  whatever  to 
the  aviator  as  to  the  true  animutli  or  where  to  stop  on  the  turn 
and  straighten  out  into  the  tangent.  Thus  the  compass  fails  him 
utterly  at  the  time  when  it  is  most  needed.  After  the  tangent  is 
persisted  In  long  enough  to  pennit  the  compass  to  settle,  it  again 
becomes  useful  but  not  before. 

Moreover,  the  lag,  or  tardiness  of  uttion  of  the  onlinurj'  tjTW 
of   comimas   is   a  serious   drawback.     To   be   reliable   for   marine 
navigation,  the  compass  must  be  of  the  so-called  liquid,  or  spirit, 
ty^ie.     In  such  a  compass,  the  magnetic  needle  is  attached  to  the 
compass  card  and  this  card  is  floated  on  alcohol  in  a  tight  vessel 
from  which  all  air  has  been  excluded.     Instead  of  the  needle  mov- 
ing over  a  .stationary  card  on  which  the  points  of  the  compass  are 
jnarked,  the  card  itself  apparently  moves  with  relation  to  what  is 
wn  as  the  lubber  line.    This  is  a  vertical  black  line  drawn  on 
inside  of  the  containing  vessel  at  a  point  corresponding  to  the 
prow  of  the  vessel  or  the  nose  of  an  aeroplane.    The  movement  is 
accoFflingly  that  of  the  longitudinal  axis  of  the  vessel  with  relation 
to  the  magnetic  north  as  Indicated  by  the  position  of  the  card. 
The  greater  weight  of  the  card  as  Cfiuiparcd  with  a  needle  gives 
slightly  increased  inertia  necessary  to  prevent  oversensitiveness 
movement,  while  the  liquid  eliminiitcs  the  effects  of  vibration 
id  at  the  same  time  serves  to  damp  the  swinging  tendency  set  up 
sudden  changes  of  course,  as  In  stormy  weather.     But  on  spiral- 
and  making  two  or  three  turns  in  an  aeroplane,  the  liquid  is 
id  to  take  up  the  swivellng  motion,  carrying  the  card  mund 
round  with  it.    This  is  a  serious  disturbing  factor  which  per- 
for  some  time  Jifter  the  uinchiiic  has  straightened  out  on  the 

tODi  ■  pMH-i  ■■,Ui«I  NnviBBtiuii  Ovrr  W«irr,"  by  Elm.n  K  si^wiii.%  S.V.. 
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tangent.  Thus  with  the  heeling  error  and  the  disturbance  set  up  by 
spiraling,  the  liquid  compass  is  lacking  in  the  essential  of  reliability 
for  aerial  navigation  so  that  the  United  States  Navy  has  adopted  a 
g^Toscopic  type  of  compass  for  aeroplane  use.  No  detaib  of  this 
instriunent  can  be  given  here  but  it  is  said  that  by  refinement  of  desip 
and  construction,  its  weight  has  been   brought  within  30  pounds. 

Drift  Indicator.    The  influence  of  drift  upon  an  aeroplane  follow- 
ing a  course  which  would  apparently  bring  it  to  a  given  point  has 
already  been  explained  by  analogy  with  the  drift  of  a  sailing  ship 
under  similar  conditions  and  it  Kas  also  been  pointed  out  that  thb  is 
much  greater  in  the  case  of  a  vessel  completely  inmiersed  in  the 
element  in  which  it  is  moving,  as  is  true  of  an  aeroplane.    Regard- 
less of  the  allowances  made  for  the  speed  and  the  direction  of  the 
wind,  the  aviator  must  constantly  be  on  the  alert  to  correct  his 
course  by  noting  landmarks  in  cross-country  flying.     In  his  flight 
from  Chicago  to  New  York,  Carlstrom  found  that  he  was  drifting 
17^  degrees  when  flying  over  Cleveland  and  found  a  correction  of 
that  amount  necessary  to  maintain  his  flight  along  the  south  shore 
of  Lake  Erie.     Had  he  been  flying  out  of  sight  of  land  such  aids 
to  navigation  would  have  been  lacking,  so  tliat  instruments  other 
than  the  compass  are  essential  to  aerial  navigation.     One  of  the 
most  important  of  these  is  an  instrument  to  indicate  the  degree  of 
drift  so  that  the  compass  course  may  be  corrected  from  time  to 
time  to  allow  for  changes  in  the  direction  and  velocity  of  the  wind. 
In  an  early  type  of  instrument  of  this  kind,  termed  a  drift  indi- 
cator, devised   l)y  Ehncr  A.  Sperry,  a  series  of  moving  observing 
tubes  acted  as  a  stroboscope.     By  the  backward  movement  of  the.se 
tubes  a  point  on  the  earth's  surface  could  be  made  to  appear  a> 
though  it  stood  still  with  relation  to  the  aeroplane,  the  backwardly 
moving  point  of  persistence  of  vision  being  exactly  equal  to  the 
forward  movement  of  the  machine.     Tlie  angular  velocity  of  these 
telescopes  and  the  altitude  of  the  machine  being  known,  the  actual 
speed  over  the  earth's  surface,  or  ground  speed,  was  obtainable. 
This  when  compared  with  the  air  speed  of  the  machine,  as  shown 
by  the  air-speed  indicator,  provided  a  basis  for  computing  the 
movement  of  the  atmosphere  itself. 

Improved  Drift  Indicator.    In  a  later  and  improved  tj-pe  of 
the  drift  indicator  the  telescopes  were  furnished  with  cross-hairs 
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and  mounted  tm  a  swiveling  base  whh  ■  pcunter  mo^nng  over  an 
azimuth  scale.  When  the  slow  motion  of  ihe  telescopes  was 
arrested  and  one  lelesttipe,  furnished  wnh  one  or  more  fore^-and-aft 
(Toss-hairs,  pointet)  dirertjy  dowuwan),  it  was  found  easy  to  make 
wliat  the  invenitir  terms  a  ^rean>-line  observation.  \Mi«i  looking 
downward  at  the  surface  of  the  earth  through  a  tube  or  telescope. 
if,  instead  of  fixing  the  vision  on  spectBc  objeets,  simply  the  passagp 
of  all  objects  across  ibe  field  of  \-ision  b  observed,  the  observer 
becomes  eonsciousof  all  these  objects  taking  place  in  clearly  defined 
parallel  lines.  With  pnmiee  the  observer  can  focus  his  vision  on 
these  stream-lines  to  the  exclusion  of  other  objects  and  the  nearer 
the  surface  or  the  greater  the  speed 
the  more  clearly  defined  these  lim-s 
l>eoome.  By  stretching  a  iiea^y 
cross-hair  across  the  telescope  and 
mounting  the  latter  so  that  it  can 
be  rotated  on  its  major  axis,  the 
tube  may  then  be  rotated  so  as 
to  bring  the  cross-hair  exactl\'  cuin- 
tidenl  or  parallel  with  the  stream- 
lines. 

The  rotating  telescope  is  fur- 
nished with  a  stationary  scale,  tlie 
zero  point  of  which  is  c>iincident 
with  the  longitudiniil  axis  of  tlie 
aeroplane.  By  taking  readings  on 
this  scale  with  a  pointer  on  the 
tube  opposite  the  cross-hair,  it  becomes  easy  to  determine  the 
angle  between  the  stream-lines  and  the  major  axis  of  the  machine, 
since  the  latter  always  lies  in  the  apparent  direction  of  flight.  The 
angle  is  accordingly  between  the  stream-lines,  or  actual  direction  of 
flight,  and  the  machine.  The  determination  of  this  angle  affords 
tlie  pilot  an  indication  of  what  change  in  his  course  is  necessary 
to  make  his  direction  of  flight  neutralize  the  drift  of  the  air  through 
which  he  is  flying.  Before  gaining  ex]K'rieiice  in  the  use  of  the 
ilrift  indicator,  its  readings  are  such  as  to  make  the  observer  feel 
certain  that  either  he  or  the  instrument  must  he  at  fault  since  they 
reveal  such  a  wide  discrepancy  between  what  the.  course  sluiy.W  W 
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and  that  auttially  indicated  by  the  compass.  Observations  ite 
naturally  mure  diffic\dt  at  greater  heights  and  when  traveling  owr, 
water,  particularly  when  the  latter  is  rough,  but  little  difBculiy  i 
experienced  in  obtaining  a  mean  reading  which  b  found  to  be  vd] 
accurate. 

The  improved  form  of  drift  indicator  is  shown  in  Fig.  45, 1 
whicli  a  single  stationary  telescope  provided  with  cross-hgin  i 
emploj'ed  insti'a'l  of  the  m()ving  series  of  telescopcM.  in  as  much  I 
the  dctfrmination  of  the  drift  factor  is  of  niucli  greater  importana 
than  the  actual  s]M'cd  of  advance  over  the  ground.  The  hole*  I 
the  bottom  are  for  attaching  it  to  the  aeroplane. 

Drift  Compass.     After  ha\'ing  determined  the  angle  of  driH 

the  aviator  mast  constantly  keep  the  necessary  amount  of  aU« 

ance  in  mifid  and  lay  his  course  accordingly,  if  provided  with  ■ 

ordinary  t\-pe  of  compas.-'.     To  eUminit 

.  i    ■     ^       ^k  this,  Mr.  Sperry  has  dfviswl  the  drift  com- 

t  ^9  ]juss,  Fig,  4().     This  is  pnivided  witht 

^^MJ^^H^^^^        scale  in  degrees  on  the  ('ontainhigea.'iCUiA 

^^^^^^^^^       is  fitteii  with  an  adjustable  lubbrr  lii 

^^^^^^^^^^V       which  nia,<,-  be  Mct  by  hand  with  the 

^^^^^^^^^^Hv  the  wheel  shown  pmtruding  Frol 

^^^^^^^^^^^L     the  the  right.     On  Mtf 

^^^^^^^^^^^^^     mining  the  amount  of  drift  with  llieniil 

"f  the  drift  indicator,  the  pilot  sets  tl» 

lubber  line  accordingly,  the  scale  on 

bezel  of  the  compass  being  used  forit 

ing  the  amount  of  deflection.     Experience  is  requireil  for  (timrtl." 

carrying  out  even  such  a  simple  i)i>eration  as  this,  since  c&Tt;  must  bf 

used  to  see  that  in  moving  the  lubber  line,  it  is  deflwlnl  in  'he- 

proper  direction  and  likewise  that  it  is  not  set  on  the  wrong  «*• 

of  the  zero,  which  would  double  the  error  instead  tif  neumlitinf  >(• 

Synchronized  Drift  Set.     As  the  pilot  of  an  aemplune  hastwff 

than  enough  things  tu  occupy  his  attention  without  having  lo  m* 

whether  the  eonijiasa  has  Ijeen  accurately  sychronizcd  with  the  if^ 

indicator   aud   whether   the   direction   of  tlie   adju^^jncnt  i»  •I* 

correct,  the  inventor  has  eombinnl  the  two  instruments,  the  ci 

billed   ooinpuss  z.\v\  At\\\  mAwaxut  bei.ng  lermeil  u  sjnehroiiiwl 

drift  set.     The  connection  \wx^N^■e«.  \V«  V'««\\\itaOTia«Av\&'^'?s^ 


Flaw. 


Drift  Compu  w 
Able  Lubb^  Lior 


Adjuatnbte  Lubber  L'lDi 
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mecliaiiical  and  is  carried  out  with  the  aid  nf  light  flexiblt;  shafting. 
Acrofdingly  two  compasses  can  be  synclironizecl  with  the  drift 
indicator  as  readily  as  one  and,  as  most  aerojilanes  have  the  cock- 
pits in  tjindcni,  this  is  done  to  provide  a  compass  for  the  observer 
as  wpII  as  for  the  pilot.  With  this  combination,  the  most  minute 
ii7.innith  tnovt-mcnt  introduced  by  the  observer  at  once  causes  a 
corresponding  alteration  of  the  lubber  line  of  tlie  compass,  thus 
eliminating  the  possibility  of  error  citiier  in  the  direction  of  this- 
movement  or  in  its  exact  amount.  When  the  instrument  is  under 
the  contr«»l  <if  the  observer,  the  fact  tliat  the  lubber  line  is  dis- 
placed doc:^  not  affect  the  pilot  in  any  way  since  it  is  only  neeea- 
-sary  for  him  to  steer  by  the  compass  to  reach  his  destination  by  a 
true  meridional  course.  With  the  actual  drift  known  and  correettMi 
fiir,  the  correction  that  should  be  given  the  air-indicator  speed, 
which  is  alwa>-s  known  to  the  pilot,  can  be  determined  easily. 
Thus  he  has  all  the  knowledge  of  the  actual  forward  advance  that 
ia  roughly  necessary  for  short  flights. 

K    Speed  Control  over  Water.     In   making  flights  over  water,  it 
always  necessiiry  Ijcfore  starting  to  oliscrve  the  direction  and 
aroxiniate  strength  of  the  wind  and  also  tJie  approximate  lengths 
of  the  waves  on  the  surface  of  the  water,  that  is,  the  diatance  from 
one  wave  crest  to  the  next.     Before  rising,  the  aneroid  bammeter 
should  be  set  exactly  at  zero  and  this  observation  shoidd  also  be 
made  whcne\-er  the  aeroplane  is  brought  close  to  the  surface,  thas 
eliminating  the  effects  of  changes  in  the  barometer  readings  in 
determining  actual  heights.     The  importance  of  these  observatiitns 
will  Iw  presently  evident.    The  problem  of  speed  eontnti  may  be 
divided  iftto  two  classes. 
^^K    In  the  tirst  class,  strobosco])e  methods  are  used.     Knowing  the 
^^Ktarent  movement  of  the  wave  crests,  the  spee<!  with  reference  to 
^^E  surface  of  the  earth  can  be  ascertained  with  a  good  degree  of 
'     accuracy  over  water.     In  every  in.stance,  the  actual  angular  velocity 
of  the  stroboscope,  or  of  the  appwrcnt  passage  of  the  earth's  surface 
beneath,  and  the  careful  reading  of  the  anemid  are  used  as  prime 
factors. 

The  second  class  is  that  in  which  a  close  approxiniBtion  to  the 
Eual  speed  can  be  ascertained  quickly.  Using  the  air-indicator 
ed  OS  a  base,  it  is  neceawry  to  determine  wUcIUct  Vwa  a)53M^ 
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speed  is  greater  than,  the  same,  or  less  than  that  of  the  air-speed 
indicator;  also  it  is  necessary  to  obtain  a  close  approximation  of 
the  extent  of  the  variation.  A  good  anemometer  (air-speed  indi- 
cator) possesses  a  high  degree  of  accuracy  and  it  is  assumed  that 
the  readings  of  the  instrument  are  always  available  to  the  navigator. 
Observatmn  of  Wave  Crests.  When  the  wave  crests  are  small 
and  cannot  be  seen  directly  with  the  unaided  eye,  the  same  tele- 
scope that  is  used  to  ascertain  the  stream-line  direction  can  be  used 
to  determine  the  direction  of  the  wave  crests.  From  the  length  of 
the  waves  from  crest  to  crest,  their  speed  can  be  ascertained  and 
their  direction  always  lies  normal  to  the  wind.  Bearing  these  points 
in  mind,  the  following  rules  can  be  applied  to  aerial  na\4gation: 

(1)  Note  on  which  side  of  the  keel  line,  or  longitudinal  axis,  of  the  aero- 
plane the  actual,  or  true,  course  lies,  or  on  which  side  of  the  zero  on  the  beiel 
of  the  drift  comiKuw  the  adjustable  lubbiT  line  lies.  This  is  the  drift  suk  und 
can,  of  course,  be  either  on  the  rij^ht  or  the  left. 

(2)  Note  closely  the  apparent  alij?ninent  of  the  wave  crests  while  th»' 
aeroplane  is  inaintaintnl   on   its  course. 

(3)  Note  the  relative  angle  between  the  wave  crests  and  the  keel  line  :in<l 
also  between  the  wave  crests  and  the  drift  line,  or  the  alij^nnient  of  the  adjusta- 
ble lubber  line. 

With  the  j)re<*e(ling  ohscTvations  well  carried  out,  the  following 
deductions  can  be  made: 

(a)  If  the  crests  lie  within  the  angle  between  the  keel  line  and  the  drift 
line,  then  the  real  speed  is  appnxxinjately  i<lentical  with  the  air-indicator  spee<.l. 
If  the  crests  exactly  bisect  this  angle,  then  the  real  spcHKi  on  the  actual 
course  is  exactly  the  anciiKjiuetcr  speed. 

(b)  If  the  after  ends  of  the  crests  are  toward  the  drift  side,  then  the 
actual  speed  over  the  earth's  surface  is  always  greater  than  the  anemometer 
spetnl  becau.sc  of  a  following  wind. 

(c)  If  the  after  ends  of  the  crests  are  away  from  the  drift  side  to  a  greater 
extent  than  is  the  true  c(^urse  angle  or  drift  line,  then  the  actual  sfKHxl  is  alway> 
h'ss  than  the  anemometer  speed  l)ecause  of  a  head  wind. 

(d)  If  the  crests  lie  exactly  at  right  angles  to  the  ki^el  line,  of  course  no 
drift  angl(»  exists  and  the  stream-hnes  lie  parallel  to  the  keel.  However,  the 
direction  of  the  wind  is  always  known  from  observaticms  taken  before  starting, 
so  that  it  is  also  known  whether  the  speed  of  the  anemometer  is  grc^ater  «>r 
less  than  the  ground  speed.  .Assuming,  however,  that  the  wind  has  change*! 
since  the  machine  ros(»  from  the  water,  its  direction  may  be  ascertained  by 
changing  the  course  sufficicMitly  to  make  the  stream-Hnes  veer  away  from  the 
keel  line.  If  the  leading  ends  of  the  stream-lines  are  seen  to  move  to  the  left 
for  a  right  turn,  the  wind  is  a  following  wind;  if  they  move  to  the  right 
for  a  right  turn,  it  is  a  head  wind,  the  reverse  being  true  for  a  left  turn. 


C^&fi^ 


Vefncity  of  yi'ave  Crests.  As  a  further  refinement  in  aacertain- 
iiig  speed  and  direction,  account  should  be  taken  of  the  movement 
i>f  the  wave  crests  themselves.  This  can  ordinarily  be  found  by 
determiiiin);  the  distance  between  tlie  crests,  in  as  much  as  the 
\elocity  varies  about  as  the  square  root  of  the  wave  length,  or 
distance  between  crests.  The  velocity  in  feet  per  second  equals 
the  wave  length  in  feel  at  a  point  where  each  is  expressed  by  the 
figure  5i,  that  Is,  wlien  the  waves  measure  that  distance  from  crest 
to  crest,  their  velocity  la  also  5.123  feet  per  section,  this  being  the 
c-Xivct  figure.  A  10-fnot  wave  would  accordingly  have  a  velocity  of 
about  7s  feet  per  section.  Wlien  the  approximate  lengths  of  the 
naves  have  not  been  accurately  noted  before  rising,  this  can  readily 
|je  carried  out  by  drapping  near  enough  to  the  surface  to  obtain  a 
fiiirl,v  aeenrate  determination  of  the  mean  distance  between  the  wave 
crests,  at  the  same  time  noting  whether  the  aneroid  is  exactly  at  /.ero. 
Corrections  Jnr  Ware  VAucity.  With  reference  to  the  speed,  a 
convction  should  be  made  in  proportion  to  the  sine  of  the  angle 
between  the  wave  crest  and  the  stream-line.  To  obtain  the 
actual  speed  over  the  earth's  surface,  the  speed  of  the  wave  crests 
must  be  added  to  the  speeds  obtained  by  stroboscopic  methods  hi 
fill  cases  of  following  winds  and  substracted  for  head  winds.  The 
iiniounts  that  are  subtracted  are  equal  to  the  velocit,\'  of  the  wave 
crests  only  when  the  wave  crests  are  at  right  angles  to  the  stream- 
lines. At  other  angles  the  velocities  subtracted  or  added  are  as 
the  sine  of  the  angle  between  the  wave  crests  and  the  stream-lines. 
In  order  to  find  the  influence  of  the  tno\-ing  wave  crests  on 
the  apparent  direction  of  the  stream-lines,  the  angle  between  the 
stream-lines  and  the  wave  crests  should  be  determined.  Starting 
with  the  position  where  the  wave  crests  and  stream-lines  lie  parallel 
to  each  other  as  being  the  condition  of  maxunum  correction,  the 
iieces.sary  correction  is  derived  from  the  known  velocity  of  the  wave 
crests.  The  correctioTi.  it  should  be  remembered,  is  an  angular  cor- 
rection to  be  applied  to  the  appaient  direction  of  the  stream-lines 
which  pennils  heading  the  aeroplane  on  a  true  meridional  course 
^the  point  of  destiiiation.  This  correction  is  always  proportional 
Bthe  ratio  of  the  velocities  of  the  wave  crests  and  of  tlie  aeroplane, 
tennined  either  by  stroboscopic  methods  or  by  the  anemometer, 
ter  the  proper  corrections  have  been  applied.     When  tbis.  ^»n^ 
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orests  ami  stream-lines  lie  parRllel,  this  ratio  is  a|)plied  dir«.lly; 
when  other  angles  obtain,  the  correction  should  be  jnultiplied  hyth* 
cosine  of  the  angle  between  the  wave  crests  and  the  streari-lines, 

Still  another  factor  remains — that  is,  whether  the  corrtrtiffl 
is  to  be  applied  clockwise  or  counter-clockwise.  Assuming  thf 
observer  to  be  facing  the  direction  of  the  stream-line,  or  artiul 
flight,  then,  if  the  wind  is  from  the  right,  the  CT>rrection  shouid 
bo  counter-clockwise,  and  if  from  his  left,  the  correction  should  b* 
clockwise,  or  fn»m  left  to  right. 

These  observations  and  calculations  are  supplementjiry  to  lUm 
which  must  be  carried  out  in  navigation  on  the  ojicn'scB,  siK^h  i 
"shooting  the  sun"  or  some  other  heavenly  body  with  the  aid  0 
the  sextant  and  determining  the  longitude  with  the  aid  uf  ti 
chronometer,  so  that  they  serve  to  afford  some  idea  of  tlie  adiki 
difficulties  of  aerial  navigation  as  compared  with  tho«'  which  PiB 
be  overcome  by  the  mariner.  In  the  few  attempts  that  have  brt 
made'  at  aerial  navigation,  usually  in  dirigibles,  it  has  been  pni^ 
cally  impossible  to  determine  the  location  over  land  or  ihe  latitud 
and  longitude  at  sea  after  but  twenty  hours  of  flight  had  elaps«* 
Instances  bearing  out  this  fact  are  found  in  the  capture  of  Zepjwlia 
raiders  in  the  south  of  France,  after  having  lost  their  beju-iiifP  B 
returning  from  a  raid  on  London,  and  in  the  abanrlonment  nl  tl 
.\merica  at  sea  by  Wellman,  whose  navigator  was  totally  "«i  "* 
when  rcsinefl. 

NIOHT  FLYiNQ 

Difficulties.  Fntm  what  has  already  been  said  about  liyingii 
the  clouds,  it  is  e\ident  that  fl\"ing  an  aeroplane  on  a  dark  nig* 
involves  similar  difficulties,  with  the  added  disadvantage  llirt  tn 
equivalent  of  the  fog  in  this  ense  extends  right  to  the  surfBte" 
the  ground.  Risks  are  incurred  by  the  pilot  from  three  distiw* 
sources:  first,  losing  control  in  the  air;  second,  becoming  lost  tl:  ,^^ 
inability  to  return  Ui  his  own  acro<inime  with  a  possible  fonw 
landing  because  of  shortage  of  fuel;  third,  landing.  Night  6>iH 
naturally  depends  upon  weather  conditions  to  a  large  extent,  hri4 
comparatively  simple  on  moonlight  nights  nnd  correspondiiw 
more  difficult  on  nights  that  are  so  "black"  that  even  the  stars  «i 
not  a\'ailable  as  a  pvwde.  ^'A\\  «.  ^■vilV  moon  and  clear  alintisphfi* 
night    flying   is   mA   (>n\\    vv  mtovNv  ww-Wv-t  ViJ-  Oc««s%v»«a  i 
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p4is.sible  from  heiglitw  up  to  almost  10.000  feet.  Roads,  railways, 
huiklingti'.  and  landing  gnmnds  are  dearly  visible  from  compara- 
lively  high  altitudes,  though  tlie  machine  itself  quickly  becomes 
lost  to  view  after  getting  ntf  the  ground.  Without  the  aid  of  the 
liioon,  the  ground  cannot  be  distinguished  at  all  from  1000  feet  or 
over  and  only  lights  are  visible.  An  instance  is  related  in  Flying 
in  wliich  a  British  aviator  who  had  become  lost  came  to  within 
1000  feet  in  tin  attempt  to  make  out  a  landing  place  and  crashed 
iiiro  the  top  of  the  only  hill  for  miles  around. 

Lighting.  At  first,  it  was  necessary  to  light  all  the  instrumenti 
with  hooded  lights  in  the  same  manner  as  on  an  automobile,  but 
it  lias  been  found  that  instruments  having  dials  are  more  effectively 
illuminated  by  painting  the  dials  with  a  radium  comixtund.  Small 
blue  bulbs  arc  placed  at  the  wing  tips  to  indicate  to  the  pilot  the 
lateral  attitude  of  his  machine;  these  blue  lights  do  not  disclose 
the  positiim  of  the  macliinc  since  they  are  visible  only  a  very  short 
distance.  An  additional  light  so  arranged  as  to  throw  its  beam  on 
the  fliMvr  of  the  cockpit  is  provided  as  well  as  an  electric  torcli. 
la  order  that  the  pilot  may  qualif.v  himself  for  night  flights,  he 
must  first  of  all  become  thoroughly  familiar  with  tlie  machine  he 
is  to  use.  He  must  also  have  exiK-rienee  in  handling  that  machine 
with  the  aid  of  the  instrunieiits  only,  both  in  flying  and  in  turning 
without  the  horizon  as  a  guide,  and  in  making  difficult  landings. 
Signaling.  l''iiur  ditl'erent  methods  of  signaling  are  employe^!, 
the  parachute  flare,  wing  tip  flares,  the  Very  lights  (that  is,  differ- 
ent colored  balls  of  fire  discharged  from  a  pistol  and  giving  a  signal 
similar  to  a  Roman  candle),  and  the  electric  searchlight.  Neither 
the  parachute  nor  the  wing  ti])  llart^s  are  as  convenient  or  as  cer- 
tain as  the  other  two  mctho<ls  and  of  these  the  searchlight  has  the 
preference,  since  it  is  available  not  only  for  flashing  long  messages 
in  the  Morse  code  but  may  also  be  used  to  assist  in  making  land- 
ings as  well  as  to  di,scovcr  ohjccLs  on  the  ground  and  hostile 
uiaohines.  Its  chief  di8U<lvantage  is  tiic  extrii  weight  that  has  to 
^^B  carried. 

^H     A  Britisli  aviator  returning  to  his  aerodrome  at  night  fires  a 
^^^arranged  signal  with  his  Very  pistol  when  over  it  but  does  not 
descend  until  the  signal  has  been  repeatttt  from  tlie  ground.     When 
ilie  ground  signal  does  not  agree  with  hia  own,  W  \v\\\  le^MipyCvia *W- 
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as  that  of  anotlier  aerodroinp  and  tbis  will  assist  him  in  lot 
his  base.  To  assist  the  aviator  in  landing,  a  nunilwr  of  fla 
burned  at  the  aerodrome,  several  being  placed  iii  a  lim^  to  i: 
the  point  and  direction  in  which  he  should  land.  The  laoiu 
point  is  turtlier  identifietl  by  additional  flares  aTui  the  patU 
made  b\'  the  wliole  niunber  of  lights  constitutes  a  niunerical  sig^ 
indicating  the  briga'ie  over  whicli  he  is  flying.  The  variou: 
dromes  and  landing  fields  of  a  brigade  are  distinguished  I 
color  and  scqnence  of  the  \'cr.v  lights  fired  fn>m  a  [xiint  udjar 
to  the  double  flares  on  the  gnmnd,  During  night  flights,  the  aern- 
drome  flares  are  kept  burning  constuntly  unless  ordered  out  aiid 
each  aviator  must  report  his  return  to  brigiwle  beadquarter% 

Dangers.     When   to   the   natural    difficulties   of   night   ftWiit 
there  are  added  the  chance  of  encountering  hostile  niacfatnes  sml 


that  of  being  fired  at  by  anti-aircraft  batteries,  which  cover  j 
aeroplanes  with  a  nimiber  nf  grou|K-d  searchlights,  it  is  evid 
that  the  dangers  of  reconnoitering  after  dark  are  nnmerous. 
are  even  greater  on  the  long  night  flights  undertaken  for  the 
pose  of  bombing  hostile  camps  or  townis,  since  the  risks  attencj 
upon  making  an  extended  trip  and  retiu-u  (.-ntirely  by  compass  | 
increased  torrcspondingi.w  V'lg.  IT  shows  a  patrolling  acropl^ 
over  Porial  signaling  with  a  searchlight. 


JA  ^^glitirtt^iiliM 


INSTRUMENTS 
Necessary  Instruments.  To  the  uninitiated  observer,  the  dash, 
^ instriiment  board,  of  the  military  aeroplane  presents  an  appalling 
array  of  gages  and  indicators,  in  addition  to  which  there  are  a 
niunber  of  other  instnmients  located  near  at  hand.  On  the  instru- 
ment board  proper,  there  will  be  seen  a  tachometer,  or  revolution 
counter,  to  indicate  the  nimiber  of  revolutions  per  minute  the 
engine  is  making,  a  gasoline-supply  gage,  an  oil-supply  gage,  an 
oil-pressure  gage,  an  air-pressure  gage,  and  a  thermometer  with  a  gage 
dial  face  instead  of  the  usual  tube.  The  thermometer  is  connected 
with  the  highest  point  of  the  radiator  and  indicates  the  temperature 
of  the  cooling  water  since  it  la  essential  that  a  close  watch  be  kept 
on  the  latter  as  the  engine  will  seize  in  a  very  short  time  if  run  at 
tort  high  a  temperature.  The  fum-tions  of  the  supply  gages  and 
the  oil-pressure  gage  are  obvious  and  that  of  the  air-pressure  gage 
is  to  indicate  the  pressure  on  the  fuel  suppl,\';  failure  after  aji  aerial 
encounter  usually  means  that  the  tank  has  been  punctured  by  a 
bullet.  Li  addition  to  these,  there  are  the  air-speed  indicator, 
which  may  be  cither  of  the  Pitot  tube  or  of  the  Venturi  tube  t;-pe, 
the  instrurueiit  proper  being  attached  to  a  strut  where  it  receives 
a  current  of  tree  air  while  its  indication  is  given  in  miles  per  hour 
on  a  gage  dial;  rlinometers  to  indicate  the  longitudinal  and  trans- 
verse angles  at  which  the  machine  is  traveling  at  any  time;  the 
aneroid  barometer  to  indicate  the  altitude  (usually  a  barograph 
or  recording  tyi»e  of  aneroid);  tlie  compass;  the  drift  indicator 
(when  used);  the  range  finder  for  bombing;  and  other  special  instru- 
ments. In  some  of  the  German  machines  captured  the  compass 
has  b&n  placed  in  an  inverted  position  and  attached  to  the  wing 

ilirface  direc-tly  over  the  pilot's  seat. 
Sperry  Stallomeler.  An  ever-present  danger  that  the  aviator 
as  to  guard  against  is  that  of  reducing  the  speed  of  his  machine 
9  the  stalling  point,  that  is,  flying  at  so  low  an  air  speed  that 
Ustentation  is  lost  with  the  result  that  the  machine  side  slips. 
n  other  words,  as  soon  as  support  is  lost,  the  force  of  gravity  gets 
the  upper  hand  and,  if  this  occurs  in  rounding  a  turn  so  that  the 
planes  are  banked,  the  entire  machine  immediately  falls  sidewaj-s. 
I  is  most  liable  to  occur  when  rounding  a  turn  which  brings  the 
lehine  from  a  position  of  flying  into  the  wind  Into  oxvt  «lt  ^ejffig 
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with  the  wind  and  may  be  brought  about  by  tin*  pilot  cunTiuiDg 
his  speed  over  the  ground  with  tliat  through  the  air.  For  esunple, 
if  the  pilot  is  flying  his  machine  at  a  speed  of  50  m.p.li..  this 
behig  the  minimum  speed  at  which  it  will  not  stall,  against  * 
breeze  of  30  m.p.h.,  the  machine's  speed  with  reference  to  the 
ground  is  but  20  m.p.h.  Under  the  same  conditions,  when  U* 
machine  is  tuniefl  down  the  wind  and  is  prweeding  under  trJUKtljf 
the  same  amount  of  power,  it  is  traveling  at  the  rate  of  SO  m.p.lli 
over  the  ground  and  is  apparently  going  at  n  high  rate  of  s 
whereas  the  latter  is  still  just  above  the  stalling  point.  Side 
slipping  is  one  of  the  forms  of  stunt  Hjing  by  means  of  which  i 
aviator  gives  an  enemy  who  catches  Inm  in  an  unfavorable  positiM 
for  fighting  the  impression  that  he  has  been  sent  down  outofcno- 
trol.  With  ample  height  in 
which  to  maneuver,  the  side 
slip  is  converted  into  a  hcsA- 
on  dive  and  the  machine 
struiglitene<l  out  again  st  fl 
lower  level. 

Til  indicate  to  the  avis- 
tor  when  his  machine  is  »p- 
proadiing  its  stidltng  sp<^ 
this  l>eing  particularly  neos- 


t 


when    flying  in  fog  * 
clouds,  variotis  tv\)&  "f  i* 

F.f.i8.     Sporry  SMll..n .,-  \^ 

struments  are  pn>%nde(l.  w* 
of  the  more  recent  of  these,  termed  the  atailameteT,  made  bj"  t« 
Spexry  GjToscope  Company,  is  shown  by  Fig.  48.  It  Is  adjusts* 
for  any  desu^  speed,  depending  uixm  the  machine  to  which  it  i» 
attached.  When  this  preiletermined  spec<l  i^  roiched  it  opctsto 
by  closing  an  elei'tric  circuit  which  tight.s  a  small  lamp  on  "« 
instrmnent  board,  the  lamp  and  its  socket  being  shown  at  the  Wt- 
while  the  instrument  proper  is  at  the  right.  Tlie  latter  is  moun™ 
in  any  convenient  position  on  the  machine  where  the  air  flo*  * 

K       unobstructed,  since  it  is  governed  entirelj-  hy  the  air  speed  of"* 

H     aeroplane. 

■  Clinometer.    The  cVmotnctaT  S&  W\.  wx-;  *A  t»-*«x«JL  iv?o  rf 

I    Jt,.sfniment8  designMto  gvve^W  vxVv^.v-«v««-w:v^^A\\*\«* 
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aft  position  of  his  machine.  This  is  particularly  necessary  when 
fl>ing  in  dnuds  or  fog,  since  there  are  no  fixed  objects  visible  by 
which  he  can  Judge  the  angle  at  whidi  lie  is  fljing  and  all  8en.se 
of  direction  is  lost.  The  Sperry  cliiintneter,  Fig.  49,  consists  of  a 
loaded  disc,  or  wheel,  the  weight  on  one  side  of  its  periphery  tend- 
ing to  keep  it  normally  in  a  position  corresponding  to  the  level 
(light  of  the  aeroplane.  Since  the  containing  case  is  afHxed  to  the 
machine  while  the  indicating  wheel  is  subject  to  the  force  of 
gravity,  change  w  the  flight  angle  of  the  aeroplane  causes  this 
wheel  to  make  a  partial  n-volutinn  with  relation  to  the  case; 
that  is,  if  the  aeroplane  ti]>s  forwjird, 
the  scale  moves  upwani,  inditating 
in  degrees  below  the  zero  line  the 
exact  angle  of  flight.  On  the  tail  of 
the  aeroplane  going  do^^^lward  the 
direction  of  rotation  is  reversed.  Tu 
make  the  indication  of  the  iustnmient 
what  is  known  as  dfiail-fn-nl,  that  i.n, 
free  from  vibration  nr  piilsatioii,  the 
movements  of  the  ivlu^el  are  damped 
by  immersing  it  in  a  heavy  liquid. 
The  scale  is  outlined  in  radium  jiuiiit 
so  that  it  is  visible  in  the  dark  by 
its  own  light,  the  containing  case  being 
l)ainted  a  dead  black  so  as  to  be  non-reflecting.  The  instrument  is 
usually  placed  at  the  side  of  the  pilot's  cockpit  so  as  to  be  within 
direct  view  at  all  times. 

Automatic  Pilot.    This  is  another  Sperry  invention  which  per- 
all  the  functions  of  the  jjilnt  uutomatically  when  the  latter 
3  the  controls.     In  fact,  it  carries  out  all  the  operations  that 
able  automatic  stabilizers  brought  out  several  j'ears 
'9  were  designed  to  do.  but  which  they  did  not  ajjpear  to  succeed 
■achieving.     With  the  development  of  flying  there  was  little  or 
\  demand  for  an  automatic  stabilisicr,  as  such,  but  for  military 
J  it  is  a  great  aid  to  the  pilot  of  a  one-man  machine  to  be  able 
I'let  go  of  the  controls  when  taking  observations  or  photographing, 
e  St^jrry  autumatio  pilot  consists  of  a  generator  driven  by  « 
r  irfv'pellcr,  two  electric  motors  for  opcratin^^  t.Vv«  csreto^Jv*. 


Fig.  4B,     Sperry  ClinoDiiiter 
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and  two  gyroscopic  units  for  controlling  the  circuits  to  these 
motors.  Its  operation  is  analogous  to  the  work  of  the  aviator 
himself.  When  his  machine  tips  forward,  for  example,  he  becomes 
aware  of  it  when  the  angle  assumed  reaches  2  to  4  degrees  or  more 
and  he  moves  the  controls  to  correct  it.  The  gyroscopic  units  take 
the  place  of  the  aviator's  brain,  one  being  designed  for  longitudinal 
and  the  other  for  transverse  variations,  but  they  are  more  sensitive. 
They  immediately  place  the  generator  in  circuit  with  the  proper 
motor  and  the  controls  are  operated  just  enough  to  bring  the 
machine  back  to  its  proper  level. 

TRAINING  AVIATORS 

Ground  School.  From  the  civilian,  whose  sole  pretensions  to 
flying  are  good  health  and  a  knowledge  of  how  to  drive  an  auto- 
mobile, to  the  finished  air  pilot  is  a  long  step  that  can  only  be 
covered  by  six  months  of  the  most  intensive  training.  Needleo 
to  add,  quite  a  substantial  percentage  of  those  who  aspire  to  l>t' 
pilots  never  attain  this  goal  but  must  be  content  to  serve  in  the 
numerous  other  roles  that  are  quite  as  essential  to  the  success  of 
the  aviation  service  as  a  whole  but  that  necessitate  staying  on  the 
ground.  In  order  to  give  an  idea  of  the  nature  of  this  training,  a 
brief  outline  of  the  different  methods  employed  by  the  French. 
British,  and  American  aeronautical  services  is  given  here. 

There  are  naturally  many  parts  of  the  course  of  instruction 
which  arc  common  to  all,  chief  of  which  are  the  preliminary  task> 
of  learning  the  fine  ])oints  of  aviation  engines,  Fig.  50,  and  how  to 
take  care  of  them  in  service;  an  elementary  course  in  aerodynamics, 
aeroplane  design  and  construction,  assembly,  and  truing;  and  the 
necessarily  painstaking  examination  which  must  always  be  made  of 
a  machine  before  it  takes  to  the  air.  This  preliminary  instruction 
also  includes  wireless  telegraphy;  map  reading  and  making;  signal- 
ing and  artillery  spotting,  Fig.  51.  Tt  covers  the  various  types  of 
machines,  their  })ur})oscs,  and  the  methods  of  handling  them.  Ilencc 
in  what  is  termed  the  ground  school,  the  prospective  flyer  is  given 
an  opportunity  to  acquire  the  fundamentals  of  the  art  of  aviation 
from  the  beginning  to  the  end.  It  is  the  pupils  who  acquit  them- 
selves most  creditably  in  the  ground  school  that  are  given  the 
opportunity  to  become  pilots.     Apart  from  the  nature  r  f  the  ser\'ice. 
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which  appeals  to   the   a<l\-enturous   fandidate,   becoming  a  pilot 
involves  promution,  since  all  pilots  are  commisaioned  officers; 

French  Method.  "Penguin."  It  is  after  the  completion  of  the 
work  in  the  ground  school  that  the  various  systems  of  training  differ. 
In  the  French  system  the  student  first  tries  his  hand  at  managing  a 
"penguin".     As   tts    name    indicates,    this   is   an   almost   wingless 


;fiine.     In  other  words,  it  is  a  standanl  aeroplane  the  wings  of 

have  been  reduced  to  a  jxiiiit  where  they  enable  it  to  make 

speed  on  the  ground  hut  are  not  sufficient  to  lift  it.    These 

can  make  40  to  50  m.p.h.  on  the  ground,  which  makes 

sensitive   to  the   rudder  so  that   following  a  straight 

this  speed  b  not  so  easy  as  it  might  &pv^a.T. 


so  that  they  arc  ctipable  of  leaving  the  ground,  but  the  only  fli|^ 
permitted  tlic  student  as  ye\.  w  i\  '*«x«a  ol  ^tummin^  jumps  m*[iid| 
th  not  lake  the  macV\ne  m»Te  iWw  a,  V-«  \wft.  w"*.  -Cwft  q 


which  must  be  in  as  straight  a  line  as  he  can  conunand.  In  both 
the  primary  and  second  classes  of  his  training,  trials  are  undertaken 
only  under  the  most  favorable  conditions,  which  means  that  the 
noviees  do  most  of  their  near-flying  from  4  to  7  A.M.,  since  the 
calmest  part  of  tlic  day  is  at  dawn. 

Decollerir.  From  the  wleur  class,  the  next  step  is  equally 
gradual,  since  it  eonsists  of  the  same  tj-pe  of  flights  with  slightly 
iimre  elevation  to  the  skimming  jumps.  This  is  termed  the  dertil- 
li'ur  class  and  in  this  the  budding  aviator  is  permitted  to  reach 
idtitude^  of  K)  to  12  feet.  In  the  course  of  this  phase  of  the 
instruction,  the  student  makes  what  appear  to  him  to  be  actual 
flights  as  he  is  off  the  ground  10  feet  or  more  for  a  stretch  of 
50  to  100  yards  at  a  time.  This  is  termed  a  sortie  and  gives  the 
student  confidence  in  his  ability  to  get  off  the  ground  and  back 
again  without  smashing  his  machine,  the  flying  still  being  confined 
to  straightaway  dashes.  In  fact,  the  whole  object  of  this  form  rvf 
instruction  is  to  make  the  student  proficient  in  landing  since  bring- 
ing a  high-speed  machine  to  the  ground  safely  is  the  most  difficult 
thing  that  the  aviator  has  to  learn. 

I'iifUt.  Thus  far  the  student  has  only  attained  the  rudiments 
nf  landing  and  to  acfguirc  the  finer  points  of  the  art,  he  is  advai|iced 
from  deciilifiir  to  pique,  whieh  is  his  last  class  in  ground  flying  and 
the  hardest  to  ma.ster.  In  this,  he  mounts  to  a  height  of  80  to  90 
feet  and  learns  how  to  land  from  the  air.  When  making  skimming 
Hights  the  machine  is  always  at  a  landing  angle  in  coming  dow^l, 
though  careful  manipulation  of  the  controls  is  necessary  to  prevent 
smashing  against  the  grounii.  But  in  piqur,  he  must  shut  oflf  the 
power,  depress  the  nose  of  the  aeroplane,  or  itii/iif,  volplane  to 
within  a  short  distance  of  the  gnmnd.  then  "redress",  or  straighten 
nut,  and  gli<le  along  with  the  nose  slightly  elevated  until  the 
iiKTeased  angle  of  incidemr  given  the  planes  causes  the  machine  to 
settle  on  the  gronnd  without  excessive  sliock.  This  likewise  calls 
for  careful  handling  since  t<H)  abrupt  an  ascent  after  straightening 
out  is  apt  to  stall  the  machine  an<!  cause  it  to  drop  suddenly  with 
di.sastruus  results  to  its  landing  gear.  As  in  learning  to  sail  a  boat, 
the  chief  thing  the  novice  always  has  to  bear  in  mind  is  to  "stee": 
small",  that  i»,  work  all  controls  smootWy  au4  ^.ta^'^^'^'s  -  iwwt 
their  swiiJeii  applkatkm  will  iiivuriaWy  eni  ™  »■  cra^  ^»  ** 
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ground  unless  he  is  far  enough  above  it  to  afford  an  opportunity 
to  recover.  This  is  particularly  true  of  the  eleVating  controls,  as 
applying  them  quickly  will  cause  the  machine  to  shoot  straight  up 
and  then  stall,  bringing  on  a  tail  dive  which  cannot  be  corrected 
with  less  than  several  hundred  feet  of  drop  in  which  to  straigthen 
out.  Attempting  to  climb  at  too  stiff  an  angle  is  one  of  the  dan- 
gerous errors  to  which  novices  are  often  given.  In  the  pique  dass, 
the  student  is  given  a  Bleriot  monoplane,  an  exceedingly  sensitive 
machine  which  requires  skilled  handling,  and  those  who  do  not 
show  sufficient  adeptness  on  the  Bleriot  are  transferred  to  Fannan 
biplanes. 

Tour  de  Piste.  On  demonstrating  his  ability  to  fly  in  a  straight 
line  and  to  land  successfully,  the  student's  next  step  is  to  learn 
flying  around  a  circle,  which  gives  him  experience  in  handling  his 
machine  both  with  the  wind  and  against  it.  This  is  termed  the 
tour  de  piste  in  that  he  circles  round  the  flying  field,  or  yisi( 
(track  or  course),  before  landing.  There  are  two  steps  to  this 
cDurse  of  instruction,  tlie  first  bein^  undertaken  in  a  45-h.p. 
machine  and  tlie  second  in  one  of  ;")()  h.p. 

Brevet.     With   each   succeeding]:  step,   the   student   acquires  a 
more  ])()werful  niacliine  ai.d  after  the  tour  de  piste  he  must  acquin' 
the  serjxMitine  and  the  s})iral,  reaching  heij^hts  of  from  5(H)  to  ^)^V 
feet.     Having  successfully   accomplished   these,   he  begins  on  hi> 
brevet,  that  is,  qualifying  for  a  conunission.     He  is  still  simply  an 
eleve,  or  student,  and  is  only  entitled  to  a  single  wing  on  his  ratinjr 
insi^niia.     His  first  trial  for  a  commission  is  the  petit  voyage,  a  trip 
of  a  30  miles  or  so  in  a  straight  line  and  return.     Then  come  two 
"trianf,'les'\  or  trips  around  a  three-pointed  course,  which  involve 
landing  at  each  point  of  the  triangle,  the  two  flights  covering  about 
300  miles  in  all.     Finally,  he  nnist  climb  to  an  altitude  of  over 
2500  feet  and  remain  up  for  one  hour.     In  case  these  final  trials  are 
carried  out  on  a  Nieuport  or  similar  fast  machine,  he  is  first  given 
a  few  preliminary  flights  in  a  double-control  machine  ac*companioil 
by  an  experienced  aviator.     When  considered  proficient  enough  tn 
fly  without  a  monitor,  he  is  a  jmehe  and  makes  his  tours  de  pistr 
and  prfits  voj/rujes  alone.     On   landing  from  a  successful  altitude 
//igJit  of  one  hour  or  i\u)Yi.\  W  v^^^  \\v^  Wx^er  uu  eleve  but  a  piJoie  with 
a  commission  i\m\  nvcvyt^^  v\\\  wAm^xOv^i^v.^  ^'vw^  «v\  ^^\sw^V  ^sl 
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s  tunic.    The  course  of  instruction  outlined  involves  about  three 
months'  work  of  approximately  eight  hours  a  day,  or  from  four  to 


Bine  in  the  morning  and  from  five  in  the  eveu\i\?j  amA^  iasV,  ■^'•jCSi 
other  forms  of  instruction  in  between.    llav^n^CJttvV^eX^tNvsaw^M 
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he  is  transferred  to  the  special  school  at  Fau,  France,  for  training 
in  acrobatic  work,  or  stunt  flying,  and  machine-gun  instruction. 

American  Method.    Flights  with  Instructor.    After  undargoing 
his  course  of  ground  instruction  and  familiarizing  himself  thoroughly 
wth  the  construction  and  operation  of  the  aeroplane.  Fig.  52,  the 
American  student  aviator  takes  to  the  air  from  the  very  start. 
The  training  machines  are  all  equipped  with  a  dual  set  of  controls 
and  the  instructor  occupies  the  rear  cockpit  while  the  student  takes 
his  place  in  the  forward  one.    Befpre  the  machine   is  actually 
allowed  to  leave  the  ground,  it  is  run  back  and  forth  across  the 
field,  these  "taxi"  runs,  as  the  students  term  them,  being  for  the 
piupose  of  trying  out  the  motor.     The  instructor  then  takes  the 
student  aloft  for  one  hour  or  so  of  simple  flying.  Fig.  5.*i,  during 
which  he  becomes  familiar  with  the  necessary  movements  of  the 
controls  to  meet  varying  conditions  of  straightaway  flights  and 
easy  turns.     As  he  acquires  proficiency,  lie  is  ptTmitted  to  nianajif 
the  machine  alone,  the  instructor,  however,  always  being  on  the 
alert  to  resume  conmiand. 

These  flights  are  broken  ii])  by  frequent  returns  to  the  ground 
in  order  to  give  the  student  the  necessary  training  in  landing  ami 
starting,   since  the  one  thing   he  must   know   before   being  given 
command  of  a  machine  is  how  to  land  it  without  damage.     Pn»^»- 
ably  80  per  cent  of  the  great  amount  of  repair  work  that  is  con- 
stantly going  on   at  an   instruction  camp  is  necessitated  by  the 
damage  resulting  from   inex])erienced   attempts  at  landing.    Tlib 
ranges  all  the  way  from  flattened-out  landing  wheels  and  broken 
wing  tips  to  com])letely  deniolislied  machines.     The  mortality  amonj: 
training  planes  is  accordingly  very  high,  it  being  nothing  out  of 
the  ordinary  to  see  two  or  three  smashed  in  a  single  afternoon, 
while  the  aggregate  for  a  week  of  intensive  instruction  may  be  six 
to  a  dozen  put  out  of  connnission  des})ite  the  fact  that  special  stres- 
is  always  laid  upon  instruction  in  starting  and  landing.    Attempting 
to  get  into  the  air  too  quickly  is  also  apt  to  end  in  a  bad  smash 

by  stalling. 

After  having  had  fifteen  to  twenty  hours  of  instruction  in  the 
air,  the  student  is  allowed  to  fly  "solo'*  and,  if  he  succeeds  in 
acquitting  h\mse\i  cTe^\VA\A^\  ^ll^x  vvxvother  five  to  ten  hours  of 
flying  with  the  machme^  mx^ex  \vv5>  o^-ev  Qsm\x\5wv^. Vr  ^g^^xia.\K5.  a> 
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a  reserve  military  aviator.     In  all  of  this  period  of 
Hying  b  of  the  simplest  nature  and  at  comparatively  low  ahltiides. 
For  his  advanced  training  the  cuh  aviator  is  sent  abroad,  either  to 
England  or  France,  where  he  is  put  through  a  much  longer  and 
more  difficult  course  of  iiistnirtion  in  acrobatic  flying,  the  handling 
of  various  tj-pes  of  high-speed  machines,  bomb-<lropping,  machine- 
^■■un  practice,  and  the  like  before  he  actually  goes  to  the  front. 
^B        British  Method.    The  British  training  methods  are  a  combina- 
^Bk>D  of  the  Freridi  methods  already  outlined  and  a  system  of  their 
^Bim  which  parallels  in  some  res))ects  the  instruction  given  American 
^raviaturs,  ex(Tpt  that  "the  student  progresses  to  faster  and  more 
powerful  machines  with  each  step  forward  until  he  has  mastered 
practicnlly  all  the  stnndard   British  aenipljines  used  at  the  front. 
The  British  civilian  who  aspires  to  the  flying  corps  must  first 
i<'mp!ete  a  course  in  the  Cadet's  School,  which  is  the  equivalent 
ill'  part  of  our  "ground  instruction"  except  that  in  this  he  is  con- 
fined to  military,  subjects  and  has  nothing  whatever  to  do  with 
iieroplanes.     It  requires  about  two  months  to  complete  this  course 
und  then   lie  pusses  u  smiilur  iieriix!   in  twhnical  instruction  on 

K'-'-^ines,  rigging,  and  the  theory  of  flight.  Wireless  operation  is  also 
)»rt  of  llic  curriculum  as  it  is  now  of  that  of  every  "ground 
ool".  Care  and  operation  of  machine  guns,  aeroplnne  cameras, 
map  reotliTig,  and  observation  of  artillery  fire  by  nieans  of  models  are 
-i.me  of  the  other  unportant  studies.  The  graduates  of  this  part  of 
I  ho  course  then  become  flying  pupils  and  go  aloft  with  an  instructor, 
usually  on  the  Maiu'ice  Farman  biplane,  advanced  technical  and 
military  training  being  given  concurrently.  With  increasing  pro- 
ficiency, the  studcTit  advances  from  one  type  of  machine  to  another. 
finally-  reaching  the  fighting  scout,  which  involves  further  instruction 
in  aerial  gmmery.  To  qualify  for  his  "wings"  he  must  fly  thirty- 
^  hours  "solo",  which  may  take  anywhere  from  one  or  two  weeks  to 
Hripur  months,  accordiTig  to  the  season. 

^t  AEROBATICS 

Pegoud's   Original   "Stunt".      When  Pegoud  first  looped  the 
loop,  it  was  generally  regarded  as  a  startling   feat  that  presaged 
iflDthing  more  than  a  recrudescence  iu  a  new  torm  p.1  \feft  VQ05siax&.- 
s  that  cost  so  many  aviators  their  Uves  '\u  ewViex  Awf^,  w»»'«fe 
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them  Beachey,  wlm  originated  many  of  the  pioneer  stunti.  Ifc 
roost  hair-paisiing  i)erformBiiPcs,  however,  were  ruiliinentai^  coin- 
pared  with  nmiiy  of  the  air  tricks  that  have  been  devised  by  tbt 
military  pilots  not  simply  to  exliihit  the  marvelous  control  llat 
they  have  attained  over  their  maehines  but  as  a  necesaitj',  eitho 
to  gain  the  advantage  over  an  enemy  opponent  or  to  slip  out  «f « 


Rg,  M.     "Looping  the  Laop  "     Photo  T 

Counrta  if  Vniiirvoad  mvi  Vn-trrmml.  Kfr  rrrk  Cifv 

tight  plaee  when  menaced  by  a,  niimtjer  of  enemy  machtitni  i 
aerial  duels  that  are  now  everyday  affairs. 

Looping  consists  of  shooting  upward  suddenly  ttd  that  j 
aeroplane  literally  falU  over  on  its  baclt.  Fig.  54,  and  Smnc  ) 
have  flown  their  machines  in  the  npside-down  position,  but  ] 
only  be  done  succe^^uUv  v.-\th  wrtain  types  of  aeroplai 
ily  llie  turti'mg  n.^'  ■  "  '  ■     i-  ■' 
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right  side  up  again,  so  tliat  the  aeroplane  takes  what  is  literally 
an  aerial  handspring  from  a  running  start.  From  its  similarity 
to  the  sensational  circus  stunt  in  which  a  dummy  automobile  is 
released  on  an  inclined  plane  having  a  slope  of  about  60  degrees 
and  terminating  in  a  sharply  curved  up  end  so  that  the  car  and 
performer  strapped  in  it  shoot  upward  and  describe  a  complete 
revolution  in  the  air  before  alighting,  it  has  been  given  the  same 
name,  looping  the  loop.  This  particular  stunt  is  of  small  value  in  a 
fight  and  is  not  ordinarily  resorted  to,  since  the  pilot  is  helpless 
while  his  machine  is  in  the  inverted  position.  Until  the  aeroplane 
has  passed  the  dead  point  and  again  started  downward,  the  enemy 
pilot  has  a  good  target  while  the  reversal  of  pressure  is  very  severe 
and  is  apt  to  derange  a  finely  adjusted  machine.  It  does  not  affect 
a  machine  gun  of  the  Lewis  type  as  the  latter  will  .function  equally 
w^ell  in  any  position,  but  with  the  belt-fed  type  of  gun  the  belt  of 
cartridges  is  apt  to  become  deranged  and  jamb  the  gun  when  most 
needed.  Moreover,  the  direction  of  recovery  is  never  certain  since 
control  is  lost  for  a  moment  and  the  pilot's  perspective  is  com- 
pletely upset.  These  objections  do  not  hold  good  to  the  same 
degree  on  the  slower  machines  as  on  the  high-si)eed  single  seaters, 
which  will  do  135  m.p.h.  or  more. 

An  Essential  of  Military  Aviation.  From  tliis  inital  demon- 
stration of  the  fact  that,  given  sufficient  altitude,  the  aeroplane  is 
never  out  of  control  in  the  hands  of  a  skillful  pilot  (barring  acci- 
dental breakage),  there  have  been  developed  a  number  of  stunts 
which  have  come  to  be  a  part  of  the  military  aviator's  training. 
Officially,  this  part  of  the  course  is  known  as  acrobatics^  though 
aerobatics  would  appear  to  be  more  ai)propriate.  It  represents  a 
postgraduate  course  that  the  students  who  have  shown  the  great- 
est proficiency  in  maneuvering  the  light  high-speed  machines  are 
sent  to  the  finishing  school  at  Pau  in  the  south  of  France  to  take. 
Only  mfen  of  a  certain  temperament  are  fitted  to  succeed  at  it  and, 
since  the  mortality  is  very  high  during  instruction,  it  is  entirely 
optional  with  the  student.  As  a  flyer  who  has  proved  capable  of 
ent^ing  upon  this  hazardous  course  represents  an  investment  of 
maiw  thousand  dollars,  only  the  best  are  selected. 

The  graduate  of  this  final  course  \s  Vivovjtv  a^  «u  ciVui^^e  ^WoV 
snd  represents  the  highest  degree  of  sk\\\  sirvA  effiievews^  \a  ^^itiv^ 
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the  military  aviator  may  attain,  since  tlie  chief  objert  of  the  coune 
is  to  produce,  as  far  aa  possible,  the  most  adverse  condilioat  J 
Hight  tliat  tlie  pilot  may  I)e  expected  to  meet  and  to  teach  h 
how  to  overcome  them.  As  a  result,  the  pilot  acquires  it  dirpte  d 
confidence  in  his  al)iiity  to  meet  emergencies  tliat  no  amount  o 
ordinary  flying  will  fjive  him.  After  completind  the  course  lie  hi 
l)een  trained  to  a  point  where  he  can  concentrate  his  whole  a' 
tion  on  fighting  or  observation,  the  contn>l  of  the  machine  hnvin 
become  ahnosrt  instinctive.  The  school  at  !'au  is  un<ler  the  o 
mand  of  Lieutenant  Renf  Simon,  a  pioneer  avistor  who  demng 
strated  his  master\'  of  the  aeroplane  at  some  of  the  early  meets  I 
this  country,  Allfliglitsaremade  on  the"haby"Nieupurt.8diniiai 
tive  machine  with  le^s  than  150  square  feet  of  lifting  .Hurfi 
(in  square  meters)  and  equipped  with  an  SO-h.p.  rotary  Le  Kbo 
motor. 

Vrille.  After  having  made  two  or  three  ordinar>'  fliftliti  U 
familiarize  himself  with  the  machine  ami  its  control,  the  rnl 
'pronounced  tret)  is  the  first  stunt  attempted,  .\lthongfa  il  l 
con-sidered  the  most  <iisconcerting  part  of  the  whoh-  course,  it  l 
taken  up  first,  since  nearly  ewry  badly  executed  stunt  end!<  i 
a  side-shp  with  a  resultant  rrllle  and  after  it  hits  \>tvn  acoB* 
plished  successfully  the  pilot  has  wmfidence  in  hU  abihty  to  ptnfiirt 
any  of  the  others. 

To  start,  an  ascent  is  made  to  a  height  of  not  less  tlian  2Jfl 
feet  as  shown  by  the  altimeter  (barograph).  After  flying  level  h 
one  minute  or  so,  the  motor  is  switeheil  off,  the  control  -'M 
simultaneously  pulled  hack  and  to  one  aide  smartly  and  the  niMci 
bar  pushed  to  the  right  or  left,  de|x'nding  on  the  side  to  «hia 
the  control  stick  was  directed.  As  n  result,  ttie  machine  iiuiliMl 
shoots  upward  and  stalls,  falling  over  to  one  side  nnth  a  twist 
or  corkscrew  movement  the  extent  of  which  is  ptvrrned  by 
ilegree  to  which  the  rudder  has  been  moved.  This  spiral  sidt-* 
continues  as  long  as  the  controls  are  held  in  that  position  andtl 
stuiient  is  cjusideretl  to  ha\e  executed  it  su<'cessfidly  if  tlie  mncliii 
makes  two  or  three  turns,  some  make  sis  to  eight,  before  resuniia 
nornml  flight.  The  pilot's  instructions,  however,  are  to  center  h 
controls  Af^in  immetWauAv  \\w  sWTv^^^^'^^^'-"w«wM«w^,«traigiiti 
the  nidder  bar,  nnA  V"*^^  ^^'^  cwvmA  -xwV  \«r«w\  *m«\j  ».^ 


Eea  at  a  lime.  This  causes  the  machine  to  stop  its  whirling, 
point  forward  and  dive,  the  pilot  then  redressing  his  control  to  bring 
the  aeroplane  once  more  on  an  even  keel  when  the  motor  is  switched 
on  again.  It  is  tried  two  or  three  times,  to  left  and  right  alter- 
nately, the  instructor  meanwhile  closely  watching  the  single  machine 
that  is  in  the  air.  Unless  rarried  out  properly  with  a  slow  move- 
ment of  the  ci)Titn)ls  the  machine  is  apt  to  come  out  of  the  spin  on 
one  side  and  repeat  the  performance  on  the  other. 

Renversement.  The  renceraement  is  to  enable  the  pilot  to 
reverse  his  direction  of  flight  without  loss  of  either  height  or  speed, 
Fig.  5&-A.  Flying  normalh'  at  an  altitude  of  23()0  feet  (there  must 
alwajs  be  ample  height  in  whioh  to  recover  from  a  badly  executed 
maneuver),  the  pilot  heads  down  slightly  to  increase  the  speed  to  the 
maximum  and  then  sends  his  machine  upward  by  pulling  the  con- 
trol stick  back,  adjusting  it  only  halfway,  however,  so  as  not  to 
perform  the  evolution  too  t]iiickly.  When  the  machine  has  appar- 
ently lost  some  of  its  speed,  which  occurs  almost  instantly,  the 
rudder  is  quickly  pushed  to  one  side  and  the  machine  falls  over  on 
that  side  and  then  drops.  As  soon  as  the  perpendicular  is  reached, 
the  rudder  is  again  straightened  out  and  the  machine  bnmght  back 
to  the  normal  line  of  flight  with  the  throttle  fully  open.  This 
maneuver  may  be  executed  equally  well  to  either  side  but  the 
ailerons  are  not  calleil  into  play  as  in  the  vrUle. 

Changement  de  Direction.  The  changeinent  de  directum  is 
[iractically  an  aerial  "haiqtin  turn"  and  is  designed  to  bring  about 
the  quickest  possible  reversal  of  the  direction  of  flight  at  the  same 
level  and  without  loss  of  speed,  Fig,  5,5-8  and  C.  Flying  level  at 
full  speed  the  pilot  sii<ldenly  pushes  the  control  stick  to  one  side  as 
fur  as  it  will  go  and  then  pnlls  back  on  it,  accompanying  this  action 
by  «  slight  pressure  of  the  opposite  foot  on  the  rudder  bar.  If 
more  pressure  is  exerted  than  is  necessary-  to  hold  the  tall  level, 
the  hitter  is  apt  to  fly  up.  This  evolution  may  also  be  done  to 
either  side  an<l  is  executed  several  times  to  accustom  the  pilot  to 
the  startling  sensation  resulting  from  the  effect  of  centrifugal  force, 
which  makes  him  feel  as  if  he  were  being  pushed  through  his  seat. 

Wing  Slide.    A  wing  slide  is  accomplished  by  throwing  tha 
rrjntrol  all  the  way  over  to  one  side  at  t\ii.'  same  t\Tft«;  y^'^'cvj,  *««■ 
■}  v"'"/(«  fi«3t  sharply  ahead  sufficient  to  ho\(\  tW  \v»se  ol  We  'hvwJw^ 


98 


MILITARY   USES  OF  AEROPLANES 


up,  this  being  accompanied  by  a  slight  forward  movement  of  the 
control  stick.    The  machine  then  descends  sidewise  at  a  terrific 
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speed,  much  fastcT  than  it  normally  travels  ahead,  but  still  follow- 
ing practically  a  straight  course  forw-ard.  The  effect  is  that  of 
traveling  on  the  outside  of  the  circle. 


^^ 


Retourtiement.  The  Trhnmetnrnt.  Fiy.  55-D,  is  commenced, 
as  is  tine  rente rm-mcni,  which  it  closely  resembles,  by  pulling  the 
control  stick  back  and  at  tlie  same  time  manipulating  the  rudder. 
The  macliine  mounts  sharply  and  falls  to  one  side,  the  tail  elevat- 
ing as  it  dws  so,  As  it  approaches  the  vertical,  the  rudder  is 
returned  partly  toward  neutral,  while  the  control  is  moved  to  the 
same  side  as  the  nidtler  is  turned,  proiiiicing  a  hiilf-spin,  sufficient 
to  liring  the  machine  back  to  the  former  direction.  In  this  maneu- 
ver the  use  of  the  rudder  alone  will  not  produce  a  suffii-iently  rapid 
movement  to  be  of  any  value  in  a  fight  and  will  also  result  in  the 
loss  of  cfmsidcruhle  height,  so  that  the  ailerons  must  be  brought 
into  play  as  well. 

One  of  the  cliief  objects  desire*!  in  all  these  stunts,  with  the 
exception  of  the  side  slip,  is  their  rapid  execution  without  loss  of 
height,  as  the  pilot  who  is  above  his  opponent  literally  has  the 
iipl>er  hand.  Since  the  entire  machine  must  be  aimed  to  bring  the 
gun  into  play  in  the  single-seat  high-spee<l  maeliinea,  the  enemy 
pilot  forms  a  good  mark  but  is  unable  to  return  the  fire  when  he 
is  directly  lielow.  To  overcome  this  disai  I  vantage,  some  of  the 
French  and  British  single-seat  machines  are  fitte<l  with  two  machine 
guns,  one  firing  through  the  projietler  as  usual  Biid  tlie  other 
mounted  at  the  trailing  edge  ()f  the  upper  wing  which  is  cut  away 
at  that  point  so  that  the  pilot  may  fire  upward.  This  arrangement 
is  illustrated  in  the  photograph  of  Major  Bishop,  Fig.  4. 

Barrel-Roll.  The  "barrel-roll",  technically  known  as  the  hori- 
zontal vriUe,  Fig.  5.")-E.  is  a  sijectaeular  stunt  which  rolls  tlie  machine 
r)ver  completely  sidewaj-s.  The  motor  is  thmtlled  slightly',  the  con- 
trol pulled  well  back  and  the  rudder  put  hard  over,  all  controls 
inunediately  being  returned  to  neutral.  The  machine  starts  to 
mount  suddenly  but  the  rudrler,  being  hard  over,  swings  it  up  on 
one  wing,  then  completely  over,  followed  by  a  side  slip  and  a  flatten- 
ing out  sidcwise. 

Zoom.  When  an  aeroplane  is  headed  upward  at  an  angle 
which  reduces  its  S|)ecd  below  the  critical  point  uefrssary  to  main- 
tain forwanj  spei-d,  it  is  said  to  stall.  It  stops  and  starts  to  foil 
backward.  In  case  the  pilot  is  U-ing  chased  by  an  enemy  machine 
'lich  is  approaching  uncomfortably  near  on  practically  the  same 
r '.   he  may  pull  the  control  back  sharply  all  the  wa^  "«Vi\i?n, 
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shoots  his  madiine  stnu^t  upward  in  the  zoom.  By  dome  *0)  ^ 
mounts  a  hundred  feet  or  more,  checks  his  speed,  and  aUmn  the 
enemy  to  pass  under  him.  He  is  then  above  and  •bdiipd  hk 
oppoaeat,  or  "cm  his  taO",  the  most  advantageous  pootian  for 
uung  his  machine  gun,  and  reveiws  conditions  by  diasing  his 
erstwhile  pursuer. 

Tke  foiegiHi^  stunts  do  not  constitute  the  entire  repertwe  of 
a  skilled  diasse  pilot  by  any  means.  There  are  the  nose  dive-r^xie 
of  the  first  and  most  frequently  onployed,  in  whidi  the  plane  is 
dropped  vertically  at  a  speed  which  no  other  man-made  madiior 
can  approach;  the  vertical  vtra^  used  for  a  very  quick  turn;  ud  ■ 
number  of  others.  One  of  the  moat  spectacular  is  the  funu,  in 
■wbitii  the  aenqilane  practically  traces  a  screw  thread  in  the  air  it 
the  same  time  revolving  like  a  pinwheel.  Moreover,  new  tridc 
are  constantly  being  evolved  by  the  more  daring  pilots,  some  (rf 
them  mere  hair-raising  stunts  of  no  military  value,  which  are 
discouraged,  while  others  are  important  acquisitions  in  that  they 
help  to  keep  the  Allied  airmen  alwaj-s  in  advance  of  their  oppn- 
nents  where  ability  to  execute  rapid  and  startling  maneuvers  is 
concerned.  Stunt  flying  has  been  developed  to  a  point  where  n 
may  be  said  that  in  the  hands  of  a  skilled  pilot  the  aeroplane  l> 
never  out  of  control,  since,  given  sufficient  altitude,  normal  flipht 
may  always  be  resumed. 
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Wnation  of  a  three-way  wire  fastener  and  a  wire  nail  may  be  resorted 
to.  The  shape  of  these  fasteners  is  shown  at  A  in  Fig.  9.  They  may 
l)e  out  out  of  old  cracker  bo\es  or  tin  cans  (sheet  iron)  with  a  pair 
of  shears,  the  holes  in  the  enda  bcuig  made  either  with  a  small  drill 
or  by  driving  a  wire  nail  through  the  metal  placed  on  a  board,  and 
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Gliii^  the  burrs  off  smooth.  A  central  hole  must  also  be  made  for 
the  IJ-hich  wire  nail  which  is  driven  through  the  main  spar  and  the 
fastener  tlien  siipjjwl  over  it.  As  indicated,  this  nail  also  aerves  to 
hold  the  strut.  A  drop  of  solder  will  serve  to  attach  the  fttstew.«t  ■<*» 
B  nail.  The  front  of  the  fuselage  is  9  inc\\ea  sqvvaTCAa-'^erw^^'*'*^ 
S  inches  at  the  rear.    The  height  of  the  catofeei  ol  ^^^  -aiaiwi  '^Jws"" 
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is  1}  inches  and  the  angle  of  incidence  is  7  degrees,  naeasiiied  with 
relation  to  the  fuselage.  The  non-lifting  tail  jdane  at  the  tear  wbaA 
is  to  ^ve  the  maclune  longitudinal  stability,  measures  4  feet  in  qua 
by  14  inches  in  depth. 

The  running  gear  or  front  landing  frame  is  made  of  i-indi 
square  spruce,  all  joints  being  made  with  A- by  l-jnch  bolts.   Ahum- 
num  sleevesi  procurable  at  an  aeronautic  supply  house,  are  onployed 
for  the  attachment  of  the  rubber  springs  and  the  radius  rods  running 
down  to  the  wheels,  which  may  also  be  purdiased.  ready  to  install 
Old  bicycle  wheels  will  serve  the  purpose  admirably.    light  sted 
tubes  jt  inch  in  diameter  are  used  to  run  these  aluminum  sleeves  od. 
Two  other  steel  tubes  are  joined  to  the  lower  comer  of  the  fraAie 
by  flattening  them  at  the  ends  and  drilling  with  a  small  hole  for  a 
nail.   These  are  run  diagonally  up  to  the  fuselage  and  serve  as  buffen 
to  take  the  shocks  of  landing.    For  bracing  the  wings,  two  similar 
tubes  are  fastened  to  form  a  pyramid  on  top  of  the  main  plane  just 
back  of  the  engine.    From  these,  guys  are  nm  to  the  wings  as  sho^ii. 
The  engine  bed  is  made  of  i-  by  J-inch  white  pine,  and  to  make  it 
solid  it  is  carried  as  far  back  as  the  rear  edge  of  the  main  plane.   The 
batteries  and  coil  are  directly  attached  to  this  plane,  care  being 
taken  in  their  placing  to  preserve  the  balance  of  the  machine.    The 
rudder  measures  14  inches  square  and  is  made  of  |-inch  square  spruce, 
reinforced  with  tin  at  the  joints,  as  it  is  necessary  to  make  the  frame 
perfectly  rigid.    Both  sides  are  covered  with  fabric.     Li  this  case 
a  1 -horse-power  motor  furnishes  the  necessary  energy  and  it  is 
fitted  with  an  18-inch  aluminum  propeller  which  it  is  capable  of  turn- 
ing at  2,400  r.  p.  m.   The  carbureter  and  gas  tank  are  made  integral, 
and  the  gasoline  and  oil  are  both  placed  in  this  tank  in  the  propor- 
tion of  about  four  parts  to  one,  in  order  to  save  the  weight  of  an 
extra  tank  for  oil. 

Flights  of  half  a  mile  are  possible  with  this  model  in  calm  weather, 
but  a  great  deal  of  measuring  and  testing  of  the  fuel  is  necessary  in 
order  to  regulate  the  flight,  and  "grass-cutting"  should  be  practiced 
by  the  builder  in  order  to  properly  regulate  the  machine.  Trials 
have  shown  that  the  flat  non-lifting  tail  on  the  fuselage  gives  excellent 
longitudinal  stability,  the  machine  rising  nicely  and  making  its 
descent  very  easy  angle,  so  that  it  is  seldom  damaged  by  violent  col- 
lisions in  landing. 
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BUILDING  A  GLIDER 

The  Ijuilding  of  hand-  or  power-tlrhen  models  does  not  suffice 
to  give  lliat  personal  experience  that  most  students  are  desirous  of 
obtaining.  The  best  method  of  securing  this  is  to  build  a  glider 
and  practice  with  tt.  Any  fijing  machine  without  a  motor  is  a  glider 
and  the  latter  is  the  basis  of  the  successful  aeroplane.  In  the  building 
of  an  acropluue  tlie  first  thing  constructed  is  the  glider,  i.  e.,  the  frame, 
main  planes,  stabilizing  planes,  elevators,  rudders,  etc.  It  is  only  by 
the  installation  gf  inotl\'e  power  that  it  becomes  a  flying  machine. 
The  biplane  will  be  found  the  most  satisfactory'  type  of  glider  as  it 
is  more  compact  and  therefore  more  easily  handled,  whlcli  is  of  great 
importance  for  practicing  in  a  wind.  The  generally  accepted  rule  is 
that  152  square  feet  of  surface  will  sustain  the  weight  of  the  average 
man,  about  170  pounds,  and  it  will  be  apparent  that  the  length  of 
the  glider  will  have  to  be  greater  if  this  surface  is  to  be  in  the  form 
of  a  single  plane  than  if  the  same  amount  is  obtained  by  incop- 
poniting  it  in  two  planes — the  biplane.  A  glider  with  a  span  of  20 
feet  and  a  chord  of  4  feet  will  have  a  surface  of  152  square  feet.  So 
far  as  learning  to  balance  and  guide  the  machine  are  concerned,  this 
may  be  mastered  more  readily  in  a  small  glider  than  in  a  large  one,  so 
tliat  there  is  no  advantage  in  exceeding  these  dimensions — in  fact, 
rather  the  reverse,  as  the  larger  construction  would  be  correspond- 
ingly more  difficult  to  handle.  The  materials  necessary  consist  of 
a  supply  of  spruce,  linen  shoe  thread,  metal  sockets,  piano  wire, 
turnbucldes,  glue,  and  closely-woven,  light  cotton  fabric  for  the 
covering  of  the  planes. 

Main  Frame.  The  main  frame  or  box  cell  is  made  of  four  hori- 
zontal beams  of  spruce  20  feet  long  and  IJ  by  |  inch  in  section.  They 
must  be  straight-grained  and  perfectly  free  from  knots  or  other 
defects.  If  it  be  impossible  to  obtain  single  pieces  of  thb  length, 
they  may  be  either  spliced  or  the  glider  may  be  built  in  tliree  sections, 
consisting  of  a  central  section  8  feet  long,  and  two  end  sections  each 
C  feet  in  length,  this  form  of  construction  also  making  the  glider 
much  easier  to  dismantle  and  stow  in  a  small  space.  In  this  case, 
the  ends  of  the  beams  of  each  end  section  are  made  to  project  beyond 
the  fabric  for  10  inches  and  are  slipi>etl  into  tubes  bolted  to  corre- 
apondiaig  projections  of  the  central  section.    These  tubes  a-te.  ?ix^«^j 
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with  three  holes  each  and  bolts  are  passed  through  these  holes  aodfl 
corresponding  holes  in  the  prpjecting  ends  after  they  have 
fitted  into  the  tubes,  and  drarni  up  tightly  with  two  nuts  on 
bolt  to  prevent  shaking  loose.  Ordinary  A-inch  sto\'e  bolts  wiB  ' 
serve  very  nicely  for  this  purpose.  The  upper  and  lower  planej 
forming  the  box  cell,  are  held  apart  by  12  struts,  4  feet  long  by  J  inch 
diameter,  preferably  of  rounded  or  oval  form  with  the  small  edge 
forward  to  minimize  the  head  resistance.  It  is  onlj'  necessarj*  lo 
space  tliese  equally,  starting  from  both  ends;  this  will  briag  the 
sphces  of  the  demountable  sections  in  the  center  of  the  square  on 
ather  side  of  the  central  section.  The  main  ribs  are  3  feet  long  by 
li-  by  i-inch  section  and  their  placing  should  coincide  with  the 
position  of  the  struts.  Between  these  main  ribs  are  placed  41  small 
ribs,  equally  spaced  and  consisting  of  pieces  4  feet  long  by  J  inch 
square.  These,  as  well  as  all  the  other  pieces,  should  have  the  sharp 
edges  of  the  square  rounded  oS  with  sand  paper.  The  riba  ^uld 
have  a  camber  of  2  inches  in  their  length  and  the  simplest  method 
of  giving  them  this  is  to  take  a  piece  of  plank,  draw  the  desired  curve 
on  it,  and  then  nail  blocks  on  both  sides  of  tlus  curve,  foiming  a 
simple  mould.  The  rib  pieces  should  then  be  steamed,  bent  into  this 
mould,  and  allowed  to  dry,  when  they  will  be  found  to  have  pe^ 
nianently  assumed  the  de^red  curvature.  Meanwhile,  all  the 
otiier  pieces  may  be  shellaced  and  allowed  to  dry. 

Assembtmg  the  Planes.  To  assemble  the  glider,  the  beams  are 
laid  out  oa  a  floor,  spaced  the  exact  distance  apart,  i.  e.,  3  feet, 
and  exactly  parallel — in  the  demountable  plan,  each  secdon  is 
assembled  independently.  The  miun  ribs  are  then  glued  in  place 
and  allowed  to  set,  after  which  they  are  strongly  bound  in  place  with 
the  linen  thread,  and  the  various  layers  of  thread  pven  a  coating  of 
hot  glue  as  they  are  put  on.  This  method  is  not  arbitrary,  but  it  is 
ample  and  gives  the  lightest  form  of  construction.  If  desired,  tie- 
plates,  clamps,  or  any  other  light  method  of  fastening  may  be 
employed.  This  also  applies  to  the  ribs.  They  are  assembled  by 
placing  them  flush  with  the  front  beam  and  allowing  them  to  extend 
back  a  foot  beyond  the  rear  beam,  arched  ^e  up  in  every  case.  Iliey 
may  be  glued  and  bound  \vitii  thread,  held  by  clamps,  or  nailtil  or 
screwed  into  place,  care  being  taken  to  first  start  a  hole  in  the  beam 
with  an  awl  and  to  dip  the  nails  in  soft  soap  to  prevent  splitting  the 


BUILDING  AN   AEROPLANE 


wood.  Twenty-one  ribs,  spaced  one  foot  apart,  are  used  in  the  upper 
plane,  and  20  in  the  lower,  owing  to  the  space  left  for  the  operator  in 
the  latter.  For  fastening  the  two  planes  together,  whether  as  a 
whole  or  in  sectional  units,  24  aluminum  sockets  will  be  required, 
These  may  be  purchased  either  ready  to  fit,  or  an  effective  substitute 

»iiiade  by  sawing  short  lengths  of  steel  tubing,  slitting  them  with 
pie  hack  saw  an  inch  from  the  bottom,  and  then  flattening  out 
■nd  drilling  the  right-angle  flanges  thus  formed  to  take  screws  for 
attaching  the  sockets  to  the  beams.  In  case  these  sockets  are  bought, 
they  will  be  provided  with  eye  bolts  for  the  guy  wires;  if  homemade, 
they  may  have  extra  holes  drilled  in  the  edges  of  the  flanges  for  this 

^^nirpose  or  some  simple  wire  fastener  such  as  that  described  in  con- 

H^ection  with  the  power-driven  model  may  be  used,  heavier  metal, 

■  however,  being  employed  to  make 
them.  The  sockets  should  all  be 
screwed    to    the    beams    at    the 

_  proper  points  and  then  the  struts 

^■gfcoutd  be  forced  into  them.    The 

Pbext  move  b  to  "tie"  the  frame 
together  with  guy  wires,  No.  12 
piano  wire  being  employed  for  this 
purptrae.  Each  rectangle  is  trussed 
by  running  diagonal  guy  wires 
from  each  comer  to  its  opposite.  To  pull  these  wires  taut,  a  turn- 
buckle  should  be  inserted  in  each  and  after  the  wire  has  been  pulled 

|^A8  tightly  as  possible  by  hand,  it  should  be  wound  upon  itself  to 

^Bpake  B  good  strong  joint,  as  shown  at  B.  Fig,  6.  A  fastening  as 
t  <hown  at  A  will  pull  out  under  comparatively  little  strain  and  is  not 
safe.  As  is  the  case  with  most  of  the  other  fittings,  these  turn- 
liuckles  may  be  bought  or  made  at  home,  the  simple  bicycle  type  of 
lumbuckle  mentioned  in  connection  with  "Building  a  Curtiss," 
being  admirably  adapted  to  this  purpose.  In  fact,  the  construction 
of  the  latter  will  be  found  to  cover  the  requirements  of  the  glider, 
except  that  tlie  ribs  are  simpler  and  lighter,  as  already  described, 
and  no  provision  for  the  engine  or  similar  details  is  necessary.  All 
the  guy  wires  must  be  tightened  until  they  are  rigid,  and  the  proper 
ree  of  tension  for  thera  may  be  simply  determined  in  the  follow- 
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After  the  entire  frame  is  wired,  place  each  cud  of  it  on  a  saw  horae 
ao  as  to  lift  it  two  or  three  feet  clear  of  the  floor.  Stand  in  the  open- 
ing of  liie  central  section,  as  if  about  to  take  a  glide,  and  by  grasping 
the  forward  central  struts,  raise  yourself  from  the  floor  so  as  to  bring 
your'entire  weight  upon  them.  If  properly  put  together  the  frame 
will  be  rigid  and  unyielding,  but  should  it  sag  even  slightly,  the  guy 
wires  must  be  uniformly  tigbtencd  until  even  the  faintest  perceptilile 
tendmcy  to  give  under  the  weight  is  overcome, 

Stnfthing  ike  Fabric.  The  method  of  attaching  the  fabric  rill 
be  determined  by  whether  the  glider  is  to  be  one  piece  or  sectional, 
and  ttie  expense  for  this  important  item  of  material  may  be  as  little 
or  as  mudi  as  the  builder  wishes  to  make  it.  Some  employ  rubberized 
silk,  others  special  aeronautic  fabrics,  but  for  the  purposes  of  the 
amateur,  ordinarj'  muslin  of  good  quality,  treated  with  a  coat  o( 
light  vamijili  after  it  is  in  place,  will  be  found  to  serve  all  purposes 
The  cloth  should  be  cut  into  4-foot  strips,  glued  to  the  front  horizonUi 
beams,  stretched  back  tightly,  and  tacked  to  both  the  rear  horizonUl 
beams  and  to  the  ribs.  Tacks  should  also  supplement  the  glue  on 
the  forward  beams  and  the  upholstery  style  should  be  used  to  pre- 
vent tearing  through  the  cloth.  In  case  the  glider  is  built  in  sections, 
the  abutting  edges  of  the  cloth  will  have  to  be  reinforced  by  tumiiig 
it  over  and  stitching  down  a  strip  one  inch  wide,  and  it  will  make 
this-  edge  stronger  if  an  extra  strip  of  loose  fabric  be  inserted  under 
the  turn  before  sewing  it  down.  Eyelets  must  then  be  made  ak>Dg 
these  edges  and  the  different  sections  tightly  laced  together  when 
assembling  the  glider.  It  is  also  desirable  to  place  a  strip  of  cloth  or 
light  felt  along  the  beams  under  the  tacks  to  prevent  the  cloth  from 
tearing  out  under  the  pressure. 

To  form  a  more  comfortable  support  for  the  operator,  two  am 
pieces  of  spruce,  3  feet  by  1  inch  by  1}  inches,  should  be  bolted  to 
the  front  and  rear  beams  about  14  inches  apart  over  the  central 
opening  left  in  the  lower  plane.  These  will  be  more  convenient  than 
holding  on  to  the  struts  for  support,  as  it  will  not  be  necessary  to 
spread  the  arms  so  much  and  there  will  be  more  freedom  for  manipu- 
lating the  weight  to  control  the  glider  in  fli^t.  In  using  the  struts, 
it  is  customary  to  grasp  them  with  the  hands,  while  with  the  arm 
pieces,  as  the  name  imvU«&,  the  operator  plaoee  his  anus  ovfr  them, 
one. of  the  strips connffi6^u«i«w^«'^?*~    fc&w^^Ariohas 
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given  a  coat  of  varnish  on  the  upper  side  and  allowed  to  dry, 
the  glider  is  rea<ly  tor  use.  The  cost  of  the  material  should  be  about 
S30  to  S40,  depending  upon  the  extent  to  which  the  builder  has 
relied  upon  his  own  ingenuity  in  fashioning  the  necessary  fittings^ 
in  any  case,  it  will  be  less  tlian  the  amount  required  for  the  pcrchase 
of  the  engine  alone  for  a  power-driven  model, 

Glider  with  Rudder  and  Elevator.  It  will  be  noted  that  this  is 
the  simplest  possible  form  of  glider  in  that  it  is  not  even  provided 
fith  a  rudder,  but  for  the  beginning  of  his  gliding  education  the 

ice  will  not  require  this,  as  first  attempts  should  be  confined  to 
les  over  level  ground  in  moderate,  steady  wind  currents  and  at  a 
lodest  elevation.  Some  of  the  best  gliding  flights  made  by  Herring, 
riianute's  co-worker,  were  in  a  rudderless  glider.  After  having 
mastered  the  rudiments  of  the  art,  the  student  may  go  as  far  as  the 
dictates  of  his  ambition  impel  him  in  the  direction  of  improvements 
in  his  glider,  by  adding  a  rudder,  elevator,  and  warping  control,  In 
fact,  it  is  not  necessary  to  confine  himself  to  the  simple  design  of 
glider  here  outlined  at  all.  He  may  take  either  the  Wright  or  Curtiss 
machines  as  a  model  and  build  a  complete  ghder,  following  the 
dimensions  and  general  methods  of  construction  here  given,  though 
these  may  also  be  improved  upon  by  the  man  handy  with  tools, 
bearing  in  mind  that  the  object  to  be  achieved  is  the  minimum  weight 
consistent  with  the  maximum  strength. 

Learning  to  Glide.  The  first  trials  should  be  made  on  level 
ground  and  the  would-be  aviator  should  be  assisted  by  two  com- 
panions to  help  him  in  getting  under  way.  The  operator  takes  a 
position  in  the  center  rectangle,  back  far  enough  to  tilt  up  slightly 
the  forward  edges  of  the  planes,  A  start  and  run  forward  is  made 
at  a  moderate  pace,  the  keepers  carrying  the  weight  of  the  glider 
and  overcoming  its  head  resistance  by  running  forward  at  the  same 
speed.  As  the  glider  cuts  into  the  air,  the  wind  caused  by  running 
will  catch  under  the  uplifted  edges  of  the  curved  planes  and  will 
buoy  it  up,  causing  it  to  rise  in  the  air  taking  the  operator  with 
it.  This  rise  will  be  probably  only  sufficient  to  lift  him  clear  of  the 
ground  a  foot  or  two.  Now  he  projects  his  legs  slightly  forward  so  as 
to  shift  the  center  of  gravity  a  trifle  and  bring  the  edges  of  tht  glider 
an  exact  level,  parallel  with  the  ground.  TK\?.,  ■wXicv'Ona  \q.«W\*>mss. 
luined  A[  the  start,  will  keep  the  glider  mo\wvit  \cir«a.T^  V 
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(fistante.  TfficdB  the  weight  of  the  operator  i»  slightly  back  of  the 
center  (rf  gravity,  the  leading  edges  of  the  planes  are  tilted  up  aonie- 
what,  mcreaang  the  angle  of  incideoee  and  in  consequeocc  the  pres- 
sure under  the  planes,  causing  the  glider  to  rise,  and  if  the  glide  is 
being  made  into  «  wind,  as  should  always  be  the  case,  qiiitt  a  hi-iglit 
may  be  readied  as  the  result  of  this  energy.  Once  it  ceases,  the  ten- 
dency to  a  forward  and  upward  movement  is  lost,  and  it  is  to  prolong 
this  as  much  as  possible  that  the  operator  shifts  the  center  of  (gravity 
to  Imng  the  machine  on  an  even  keel,  or  whrae  at  a  little  bei^t, 
dig^tly  bdow  this,  ^ving  it  a  n^ative  angle  of  inddence,  which 
pomita  him  to  coast  down  the  air  until  suffideot  ^leed  is  acquiTed 
to  reverse  the  anj^e  of  inddeoce  and  agtun  rise  so  as  to  provide  t 
"hill"  for  another  coast,  thus  prolonging  the  fli^t  conndnaUy. 
To  put  it  in  the  umplest  language,  when  the  opcratOT  moves  back- 
ward, shifting  the  center  of  gravity  to  the  rear,  the  planes  are  tilted 
so  that  they  catch  or  "scoop  up"  the  advancing  air  and  rise  upon  it, 
whereas  when  he  moves  forward  and  the  planes  tilt  downward,  this 
air  is  "spilled"  out  behind  and  no  longer  acts  as  a  support,  and  the 
glider  coasts,  either  until  the  ground  is  reached  or  enough  momentum 
is  gained  to  again  mount  upon  the  wind.  A  comparatively  few  flights 
will  suffice  to  make  the  student  proficient  in  the  control  of  his  appa- 
ratus by  his  body  movements,  not  only  as  concerns  the  elevating 
and  depressing  of  the  planes  to  ascend  or  descend,  corresponding 
to  the  use  of  the  elevator  on  a  power  machine,  but  also  actual 
steering,  which  is  accomplished  by  lateral  movement  to  the  left  or 
right. 

Stable  equilibrium  is  one  of  the  chief  essentials  to  successful 
flight  and  this  can  not  be  maintained  in  an  uncertain,  gusty  wind, 
especially  by  the  novice.  The  beginner  should  certainly  not  attempt 
a  glide  unless  the  conditions  are  right.  These  are  a  clear,  level  space 
OTthout  obstructions  such  as  trees,  and  a  steady  wind  not  exceeding 
12  miles  per  hour,  When  a  reasonable  amount  of  profidency  has 
been  attained  in  the  handling  of  the  glider  over  level  ground,  the 
field  of  practice  may  be  changed  to  some  gentle  slope.  In  starting 
from  this,  it  will  be  found  easier  to  keep  the  glider  afloat,  but  the 
experience  at  first  will  prove  startling  to  the  amateur,  for  as  the 
^'ider  sails  away  {rom  the  top  of  the  slope,  the  distance  between  him 
and  the  ground  uuieaaea  w  ts^S.&^j  <pah\ia  -^i&.  TOgugsft  ^madf  at 


I  tremendous  height,  but  by  pirserving  the  balance  and  otherwise 
manipulating  his  weight  in  the  manner  taught  by  the  practice  over 
the  level,  a  nice  flight  of  much  grratcr  distance  will  be  made  and  the 
machine  will  gradually  settle  down  to  the  gronnd  much  farther  away 
f  rt>m  the  starting  iilace  than  was  iwssiblc  in  the  earlier  trials,  this  being 
one  of  the  great  advantagea  of  starting  from  an  elevation.  There  is 
nothing  that  will  fit  the  beginner  so  well  for  the  actual  handling  of 
a  power  machine  as  a  thorough  course  of  gliding  flights,  and  it  is 
recommended  that  those  who  build  gliders  become  proficient  in  their 
use  before  attempting  to  pilot  an  aeroplane,  wliether  of  their  own 
make  or  not. 

A  further  step  in  advance  is  the  actual  building  of  a  full-fledged 
power  machine,  and  for  those  who  desire  a  simple  and  comparatively 
inexpensive  type,  requiring  very  little  work  that  can  not  be  per- 
formed in  the  home  workshop,  a  description  of  the  construction  of  a 
Curtisa  biplane  is  given,  while  for  those  who  are  more  ambitious 
and  also  have  greater  financial  resources,  the  details  of  the  building 
of  a  Bleriot  monoplane  are  given. 

BUILDING  AN  EARLY  MODEL  CURTISS  BIPLANE 
Cost.  First  of  all,  tlie  prospecti\'e  builder  will  want  to  know 
the  cost.  The  best  answer  to  this  is  that  the  machine  will  cost  all 
its  builder  can  afford  to  spend  upon  it  and  probably  a  little  more, 
as  the  man  to  whom  the  expense  is  not  of  vital  consideration  will 
doubtless  not  undertake  its  construction.  Speaking  generally,  and 
there  can  be  nothing  very  definite  about  it,  in  new  of  the  great 
difference  in  the  conditions,  an  expenditure  of  three  to  foiu-  hundred 
dollars  will  cover  the  complete  outlay  for  everything  but  the  motor. 
If  the  builder  has  the  time  and  facilities  for  doing  all  the  work  him- 
self, tliis  amount  may  be  reduced  ^-ery  materiallj'.  On  the  othep 
hand,  if  he  finds  it  necessary  to  purchase  most  of  the  material  in 
form  reiid,\'  to  assemble,  it  may  exceed  this.  But  it  will  be  a  great 
aid  to  many  to  know  that  there  is  practically  nothing  about  the 
modern  aeroplane  which  can  not  be  found  in  stock  at  one  of  the 
aeronautic  supply  houses.  This  makes  it  possible  for  many  to 
undertake  the  construction  of  a  machine  to  whom  it  would  not  be 
^^easible,  or  at  least  not  an  attractive  project  iu  vx^-w  o^  ^^  ■vxsafc 
^Krolved,  were  it  necessary  to  make  evetv  part.  aX  V'Mae.-    "=»  ^^ 
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as  becoming  involved  in  any 
legal  difficulties  is  concerned 
owing  to  existing  patents, 
the  student  need  not  worry 
himself  about  this  io  at- 
tempting the  construction  of 
a  Curtiss  biplane,  so  long  u 
he  restricts  the  use  of  bis 
machine  to  experimental  pur- 
poses and  does  not  trj-  to 
compete  with  the  patentees 
in  their  own  field— that  d 
exhibiting  and  selling  ma- 
chines. 

General  Specifications.  Just 
how  long  it  will  take  to  com- 
plete such  a  machine  will  de- 
I   ;    pend   very  largely   upon  the 
I  ■=    skill  of  the  builder  and  the  ex- 
.'?   t    tent  of  his  resources  for,  as  al- 
^  -    ready  mentioned,  tlie  expense 
C    may  be  cut  down  by  makiji| 
I   all    the     necessarj"    parts   st 
I    home,  but  it  will  naturally  be 
at  the  sacrifice  of  a  great  deal 
■■    of   time.     For   instance,   the 
^   oval  struts  and  beams  may  be 
bought  already   shajied   from 
the  local  planing  mill,  or  they 
may  be  shaved  down  from  die 
rough  by  hand.    Turnbuckles 
can    be    made    from    bicycle 
spokes  and  nipples  and  strips 
of  sheet  steel,  or  they  can  be 
bought  at  12  to  15  cents  each. 
As  a  hundred  or  more  of  them 
are  needed,  their  cost  is  quite 
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Aeroplane  construction  clonhticsd  impresses  the  average  observer 
as  being  something  shrouded  in  considerable  mystery — something 
about  which  there  is  no  little  secrecy,  Quite  the  contrary  isthe  case 
in  reality.  Any  man  who  is  fairly  proficient  as  a  carnenter  and 
knows  how  to  use  the  more  common  machinist's  tools,  sipch  as  taps 


and  dies,  drills,  hacksaw,  and  the  like,  will  find  no  difficulty  in  con- 
structing the  machine  of  which  the  details  are  given  here.  Having 
completed  its  building,  he  will  have  to  draw  upon  his  capital  to 
supply  the  motor.  One  capable  of  developing  25  to  30  horse-power 
_j*  1,000  to  1,200  r.  p,  m,  will  give  the  machine  cotvsAet^tJw,  ^"^jwA, 
^k  it  will  be  recflUed  tJiat  Curtiss  made  a  nvimViex  oWvi 
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with  a  25-horse-power  motor.  As  to  the  weight,  the  lighter  the 
better,  but  400  pounds  for  the  complete  power  plant  will  not  be 
excessive.  The  machine  can  sustain  itself  in  the  air  with  less  power 
than  that  mentioned,  but  with  a  heavy,  low-power  motor  it  will  be 
sluggish  in  action.  This  is  an  advantage  for  the  amateur,  rather 
than  otherwise,  as  it  will  provide  him  with  an  aeroplane  that  will 
not  be  apt  to  get  away  from  him  during  his  first  trials,  thus  making 
it  safer  to  learn  on. 

The  Curtiss  biplane  has  a  spread  of  30  fee^,  the  main  planes  or 
wings  being  divided  into  sections  of  a  length  equal  to  the  distance 
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FiK.  \\\.     Drtails  nf  Main  and  Small  Ribs.  Curtiss  Biplane 


betwetMi  struts.  Figs.  1 1  and  12.  There  are  five  of  these  sections,  each 
measuring  six  feet.  The  struts  can  he  taken  out  and  the  section> 
hiid  Ihit  on  each  other  for  storage.  The  framework  for  the  fnmt  aiul 
rear  rudders  can  also  be  jointed,  if  desired,  making  it  possible  tn 
>tore  the  machine  in  small  compass.  The  longest  ])arts  of  the  machine, 
when  taken  a])art,  are  the  two  diagonal  beams  running  from  the 
front  wheel  back  to  the  engine  bed,  and  the  skitL  The  horizontal 
front  rudder  is  ])acked  intact.  The  vertical  rear  rudder  is  unhung 
and  laid  Hut  on  the  tail.  Two  men  can  take  the  machine  apart  in 
a  few  hours,  and  eauTe3i^^eT[AAvi\\.\\\wO\.'AN.  '^Vsi>i!!c\fcx\k^'5«. particular 
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Relative  Strencth  of  Clear  Spruce  and  Elm  ■ 
strated  by  Tests 
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features  of  oonstruction  are  covered  by  patents  can  not  be  said,  as 
Curtiss  has  declined  to  commit  himself  regarding  any  rights  he 
may  have  to  them. 

Ribs.  Two  distinct  types  of  ribs  are  used,  main  ribs  and  small 
ribs,  both  of  the  same  curvature,  Fig.  13,  The  main  ribs  are  used 
between  pairs  of  struts,  to  hold  apart  the  front  and  rear  beams;  they 
are  heavy  enough  to  be  quite  rigid.  Three  to  four  small  ribs  are  laid 
across  each  section  of  the  planes,  between  the  pairs  of  main  ribs,  to 
give  the  cloth  the  proper  curvature,  and  to  maintain  it  in  the  form 
desired.  The  main  ribs  are  built  up  of  six  J-inch  laminations  of  wood 
I  inch  wide  and  securely  glued  together.  The  small  ribs  are  made  of 
three  layers  J  inch  wide. 

The  first  part  of  the  actual  construction  will  be  the  making  of 
these  laminated  ribs,  but  before  describing  this  detail,  the  question 
of  suitable  material  should  be  well  considered.  Both  weight  and 
strength  must  be  figured  on  and  this  limits  the  choice  to  a  few  kinds 
of  wood.  Of  these  spruce  and  elm  are  the  best  available,  with  the 
occasional  use  of  ash  to  give  greater  rigidity.  Spruce  is,  of  course, 
the  first  choice.  This  wood  was  once  considered  as  having  no 
great  strength,  but  a  series  of  careful  texte  ^o-wa  ^■a\i^\'A.  ''^ 
be  unfounded.    With*tbe  exception  ot  tbe  \jed,  ot  wivpa'^  ^^^"^  '^^'^ 
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motor  and  a  few  other  parta,  tlie  Wri^t  n 
wholly  of  spruce. 

Table  I  pves  results  of  tests  made  witii  qmioe  from  WuUogtn 
and  Oregon,  and  with  elm  from  Mjdiigaa  and  TTwIimm.  tbtnig 
scales  were  employed,  the  pieces  bdng  stq^xxted  at  their  ends  wi& 
the  load  in  the  center. 

These  tests  were  made  mth  clear  wood  in  exji  case,  as  knoti 
naturally  decrease  the  strength  of  a  {riece  greatly,  Uus  depeufing  ai 
their  size  and  location. 


of  Rib  Pnm,  Cnitia  BipUa* 


Before  proceeding  with  the  ribs  themselves,  the  press  for  giving 
them  the  proper  curvature  must  be  made.  Take  a  good  piece  d 
oak,  ash,  or  other  solid  wood,  8  inches  wide  by  5  feet  long,  aod 
dressed  all  over.  On  the  side  of  the  piece  lay  out  the  curve,  the 
dimensions  of  which  are  illustrated  in  I^.  14.  first,  rule  the  hori- 
zontal, or  chord  line,  on  it,  marking  off  4  feet  6  indies  on  this  line, 
equidistant  from  each  end.  Hen  divide  the  chord  into  6-inch 
sections  and,  at  the  point  of  eadi  6-inch  section,  erect  perpendiculars 
beginning  &t  the  teax,  \  inch,  l\  inches,  2  indies,  and  so  on,  as  indi- 
cated on  the  drmnnR.   T^  M\iV«  "^^^  *  -iwfc  vstMKB&raalMa  will 
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form  locating  points  for  the  curve.  Through  them  draw  a  smooth 
curve  as  shown,  continuing  it  down  through  the  chord  at  eadi  end. 
Take  the  piece  with  the  curve  thus  marked  on  it  to  the  local  planing, 
sash  and  blind,  or  sawmill — any  plant  equipped  with  a  band  saw^ 
and  have  it  cut  apart  along  the  curve.  This  will  cost  little  or  nothing 
— acquaintance  will  obtain  it  as  a  favor,  and  acquaintance  with  any 
wood-working  concern  in  the  aeroplane  builder's  home  town  will 
be  of  great  aid.  P'ailing  this  aid,  the  operation  may  be  carried  out 
with  a  hand  saw  (rip) ,  but  the  job  will  not  be  as  neat  and  will  have 
to  be  cleaned  up  with  a  draw  knife  and  sand  paper,  taking  care  to 
preserve  the  outline  of  the  curve  as  drawn.  As  the  rib  press  is  really 
a  mould  or  pattern  from  which  all  the  ribs  are  to  be  bent  to  a  uniform 
curvature,  care  must  be  taken  in  its  construction. 

To  clamp  the  two  halves  of  the  press  together,  a  dozen  machine 
bolts  will  be  required;  they  should  measure  fXI5  inches."  If  obtain- 
able, eye  bolts  will  be  found  more  convenient  as  they  may  be  turned 
up  with  but  one  wrench  and  a  bar.  The  steel  straps  are  |  by  1^  by 
10  inches  long  with  J-iiich  holes  drilled  9  inches  apart  to  centers, 
to  enclose  the  S-inch  pieces. 

Obtain  a  sufficient  supply  of  boards  of  reasonably  clear  spruce, 
J  inch  thick,  6  to  7  inches  wide,  and  at  least  4  feet  9  inches  long  (dress- 
ed botli  sides),  to  make  all  the  ribs  necessary  both  small  and  large. 
This  material  should  be  purchased  from  the  mill  as  it  is  out  of  the 
question  to  attempt  to  cut  the  ribs  from  larger  sizes  by  hand.  Buy 
several  pounds  of  good  cabinet  makers'  glue  and  a  water-jacketed 
gluepot.  This  glue  comes  in  sheets  and  in  numerous  grades-^a 
good  quality  should  be  used,  costing  from  40  to  50  cents  a  pound  if 
bought  in  a  large  city.  Laminating  the  ribs  in  this  manner  and 
gluing  them  together  is  not  only  tlie  quickest  and  easiest  method 
of  gi\"ing  them  the  proper  curve,  being  much  superior  to  steam  bend- 
ing, but  is  also  stronger  when  well  done,  as  the  quality  of  the  material 
can  be  watched  more  closely. 

Start  with  the  making  of  the  small  ribs;  apply  the  glue  thin  and 

piping  hot  in  a  generous  layer  to  three  boards  with  a  good-sized  flat 

paint  or  varnish  brush.    Omit  on  the  upper  surface  of  third  board 

and  apply  between  three  others.  Pig.  13.     This  will  give  two  series 

i  three  each  in  the  press.    Tighten  up  t\ie  etv4,\«\^^«?^-»'^'^ 

3-part  of  the  press  near  the  top  o!  tUe  ctt^vft^aX'^f^"3  \»\!fe-w« 


an  BUILDING  AN  AER(iPLAN'E 

unlesB  Hbemlly  proportioned.  Then  turn  cinwn  the  niitt  <iri  ihe 
other  bolts.  Do  not  attempt  to  turn  any  one  of  them  as  far  aa  ii  ' 
will  go  the  first  time,  but  tighten  each  one  a  little  at  a  time,  thus 
pmdually  making  the  compression  over  the  whole  surface  as  ncarij'  ' 
uniform  aa  possible.  This  should  be  continiietl  until  the  glue  nil 
no  longer  oo^e  out  from  between  the  boards,  indicating  that  the>-  are 
in  close  contact.  Twenty-four  hours  should  be  allowed  for  drjing, 
and  iriien  taken  out  the  cracks  between  the  boards  should  be  almost 
invi^ble  in  the  finished  ribs. 

Have  the  laminated  boards  cut  bya  power  rip  saw  at  the  planii^ 
mill,  to  the  dimensions  shown  in  the  drawing,  making  an  allou'ance 
of  J  inch  for  the  width  of  the  saw  blade  at  each  cut  in  calculating; 
the  number  of  ribs  which  can  be  cut  from  each  board.  In  ndditioo, 
a  mai^in  should  be  allowed  at  each  side,  as  it  is  impractical  to  gel  i 
all  the  thin  boards  squarely  in  line.  For  the  main  ribs,  apply  tht 
glue  between  all  six  boards,  clamp  and  dry  in  the  same  manner. 
Thirty  small  ribs  will  be  required,  if  three  are  used  in  each  section, 
and  forty  if  four  are  specified,  while  twelve  main  ribs  will  be  needed 
for  standard  construction,  and  sixteen  if  the  quick-demountable 
plan  referred  to  is  followed.  It  is  advisable  to  make  several  extra 
ribs  of  each  kind  in  addition.  If  the  builder  has  not  sufficient  faitb 
in  spruce  alone,  despite  the  figures  given  in  Table  I,  one  of  the 
laminations,  preferably  the  center,  or  if  two  be  employed,  the  outer 
ones,  may  be  of  ash,  though  this  will  add  considerably  to  the  weight 

To  prevent  the  ribs  from  splitting  open  at  the  ends,  they  are 
protected  by  light  steel  ferrules,  shown  in  Fig.  15,  When  received  in 
the  rough-sawed  condition  from  the  mill,  the  ribs  must  be  tapered 
at  the  ends  with  a  plane  or  spoke  shave  to  fit  these  ferrules,  and  the 
sharp  edges  should  be  rounded  off.  In  doing  this,  it  must  be  remem- 
bered that  the  upper  surface  of  the  small  ribs  gives  the  curvature 
to  the  cloth  surface,  so  that  any  tapering  must  be  done  on  the  lower 
side.  The  main  ribs  may  be  tapered  from  both  sides,  as  it  is  the 
center  line,  or  crack  between  the  third  and  fourth  laminations,  that 
determines  the  curve.  Every  inch  along  this  line  A-inch  holes  are 
to  be  drilled  for  the  lacing,  Fig.  15, 

The  ferrules  for  the  front  ends  of  the  small  ribs  are  light  J-mch 
seamless  steel  tu\>wv%',  tii«:j  ■ma.v  ^  flattened  to  the  proper  shape 
in  a  vise  without  \iea^Hix»''tt^«^^^*^«^"^'^*-V«i^''«'^«-  'W«i 


BUILDING  AN  AEROPLANE  25 

are  driven  tight  on  to  the  tapered  ends  of  the  ribs  and  fastened  in 
place  with  a  small  screw.  The  rear-end  ferrules  are  i-inch  lengths 
of  |-inch  tubing,  driven  on  and  drilled  with  a  A-inch  hole  for  the 
rear-edge  wire.  The  rear  ferrules  of  the  main  ribs  may  be  the  same 
)-inch  tubing  used  for  the  front  of  the  small  ribs;  they  should  be 
cut  off  so  that  their  ends  will  come  in  the  same  line  as  the  holes  in 
the  ends  of  the  small  ribs.  If  the  quick-demountable  plan  be  fol- 
lowed, the  second  main  rib  from  each  end  may  be  left  long  and 
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drilled  with  a  hole  like  the  small  ribs.  The  front  ferrules  of  the 
main  ribs  should  be  i-inch  tubing  of  heavier  gauge,  drilled  with  a' 
J-inch  hole.  The  finished  ribs  are  sandpapered  smooth  and  shel- 
laced or  coated  with  spar  varnish.  The  latter  is  much  more  expensive 
and  slower  in  drying  but  has  the  great  advantage  of  being  weather- 
proof and  will  protect  the  glue  cracks  from  moisture.  The  ferrules 
may  be  painted  with  black  enamel. 

StruU.    Before  going  into  the  detail  c$  \.\«  constovMrittss^  -^  "^Sia 
inder  of  the  main  cell  and  its  attaciieA  tT«Bosi%,  a^Nmsi  ^.^KSCir 
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tion  trf  its  parts  and  tlieir  relation  to  one  another  will  make  matten 
dearer.  The  upright  struts.  Fig,  15.  which  hold  the  two  planes 
apart,  fit  at  each  end  into  sockets,  which  are  simply  metal  cups  with 
bolts  projecting  through  their  ends.  Fig.  16.  Those  at  the  botttnn 
(rf  the  front  row  of  struts  pass  through  the  eyes  of  the  tunibuckles 
and  connections  for  the  wire  trussing,  then  through  the  flatteiied 
ferrules  of  the  main  ribs,  and  finally  tlirough  the  beam,  ull  being 
damped  together  with  a  nut.  Those  at  the  top  go  through  the 
turabuckles  first,  then  through  tlie  beam,  and  finally  the  rib  ferrule.  ' 
The  bolts  at  the  back  row  of  struts  must  go  through  the  full  tliick- 
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ness  of  the  main  ribs,  and  so  must  be  longer.  The  drawings.  Figs. 
15  and  16,  show  the  method  of  attachment  of  both  the  main  and 
the  small  ribs  and  illustrate  a  neat  method  of  attaching  the  tum- 
bucklea — instead  of  being  strung  on  the  socket  bolt  one  after  another, 
they  are  riveted  to  the  corners  of  a  steel  plate  which  alone  is  clamped, 
under  the  socket. 

Beams.  The  beams  are  jointed  at  each  strut  connection,  the 
ends  being  cut  square  and  united  by  a  sheet-sted  sleeve,  a  pattern 
of  which  is  shown  in  Fig.  16,  damped  on  by  two  small  bolts.  The 
boJe  for  the  aodtet  boVl  i&  diiUed  half  m  eadi  of  the  two  abutting 
beams.     As  it  is  very  AV&oiS,  Xa  dtfoa^i^K»^  vrk».  («.  ^^wA  '«£. 
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Bciently  straight  grained  and  free  from  knots  for  the  purpose,  this 
jointed  system  considerably  cheapens  the  construction.  Both  beams 
and  struts  are  of  spruce,  hut  to  give  additional  strength,  the  beams 
of  the  middle  section  may  be  ash.  Special  aero  cloth,  rubberized 
fabrics,  or  light,  closely-woven  duck  (radng  yacht  sail  cloth  of  fine 
quality,  this  being  employed  at  first  by  the  Wright  Brothers  in 
their  machines)  forms  the  surfaces  of  tlie  wings.  The  front  edge  of 
each  section  of  the  surface  is  tacked  to  the  beam  and  tlie  rear  edge 
is  laced  over  the  rear  wire  already  referred  to,  this  wire  being  stretched 
taut  through  the  holes  in  the  rear  tips  of  the  ribs,  both  main  and 
small.  After  the  cloth  is  stretched  tight,  it  is  tacked  to  the  small 
ribs,  a  strip  of  tape  being  laid  under  the  tack  heads  to  prevent  the 
cloth  from  pulling  away  from  under  them.  If  the  aeroplane  is  intended 
to  be  taken  apart  very  often,  the  standard  design  as  shown  by  the 
large  drawings.  Figs.  11  and  12,  may  be  modified  so  as  to  make  it 
unnecessary  to  unlace  the  cloth  each  time.  This  is  arranged  by 
regarding  the  two  outer  sections  at  each  end  of  the  plane  as  one, 
and  never  separating  them,  Additional  main  ribs  are  then  pro- 
vided at  the  inner  ends  of  these  sections,  and  are  attached  directly 
to  the  beams,  instead  of  being  clamped  under  the  strut  sockets. 
In  taking  the  machine  apart,  the  struts  are  pulled  from  the  sockets, 
leaving  the  latter  in  place.  It  will  then  be  an  ad\antage  to  shorten 
the  main  planes  somewhat,  say  3  inches  on  each  section,  so  that  the 
outer  double  sections  will  ctime  under  the  "12-foot  rule"of  the  Express 
Companies. 

liunrntig  Gear.  Three  wheels  are  provided — one  in  front  under 
the  outrigger  and  two  under  the  main  cell  for  starting  and  landing. 
Two  beams  extend  from  the  front  wheel  to  the  engine  bed  and 
scrA'e  to  carry  the  pilot's  seat,  as  will  be  seen  from  the  elevator, 
Fig.  12.  A  third  beam  runs  back  horizontally  from  the  front  wheel 
and  on  rough  ground  acts  as  a  skid.  The  rest  of  the  running  gear  is 
made  of  steel  tubing,  the  pieces  being  joined  simply  by  flattening 
the  ends,  drilling  and  clamping  with  bolts;  no  sockets  or  special 
connections  of  any  kind  are  necessary  here.  If  desired,  the  wheels 
may  be  carried  in  bicycle  forks  and  may  be  fitted  with  shock  absorbers, 
some  idea  of  the  various  expedients  adopted  by  different  builder?, 
for  this  purpose  being  obtainable  from  the  aketcVcs.,  V\?,,  ^Sl  W"i-ss«* 
of  Aeroplanes."    Two  separate  tubes,  one  ou  eada  svi»  »*  "^^  ''^ 
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make  a  simple  construction  and  will  probably  serve  just  as  well.  The 
details  of  the  running  gear  will  be  given  later. 

Outrigging  and  Rudders.  For  the  outriggers  and  the  frames 
carrying  the  front  horizontal  or  elevating  rudder  and  the  rear  vertical 
rudder  and  tail,  or  horizontal  keel,  either  spruce  or  bamboo  may  be 
employed.  Bamboo  will  be  found  on  machines  turned  out  by  the 
Curtiss  factory,  and  while  it  is  the  lighter  of  the  two,  it  is  not  gen- 
erally favored,  as  spruce  is  easier  to  obtain  in  good  quality  and  is 
far  easier  to  work.  At  their  ends,  these  outriggers  are  fitted  ^^ith 
ferrules  of  steel  tubing,  flattened  and  drilled  through.  The  out- 
riggers are  attached  to  the  main  framework  of  the  machine  by 
slipping  the  ferrules  over  the  socket  bolts  of  the  middle  section 
struts,  above  and  below  the  beams.  It  is  preferable,  however,  to 
attach  the  rear  outriggers  to  extra  bolts  running  through  the  beams, 
so  that  when  the  machine  is  to  be  housed  the  tail  and  rudder  can  \ye 
unshipped  and  the  triangular  frames  swung  around  against  the  main 
frame,  considerably  reducing  the  space  required. 

The  tail,  horizontal  and  vertical  rudders,  and  the  ailerons  are 
light  frames  of  wood,  covered  on  both  sides  with  the  same  kind  of 
cloth  as  the  main  planes  or  wings.  These  frames  are  bract^d  with 
piano  wire  in  such  a  manner  that  no  twisting  strains  can  be  put  on 
them.  The  front  horizontal  rudder,  which  is  of  biplane  construc- 
tion like  the  main  cell,  is  built  up  with  struts  in  the  same  way.  Instead 
of  being  fitted  with  sockets,  however,  the  struts  are  held  by  long 
screws  run  through  the  planes  and  into  their  ends,  passing  through 
the  eves  of  the  turnbuckles. 

DETAILS  OF  CONSTRUCTION 

Main  Planes  and  Struts.  It  is  preferable  to  begin  with  the 
construction  of  the  main  planes  and  their  struts  and  truss  wires, 
the  ribs  already  described  being  the  first  step. 

The  main  beams  offer  no  special  difficulties.  They  are  ovals 
H  by  1|  inches,  all  G  feet  long  except  the  eight  end  ones,  which 
are  6  feet  2  inches.  The  beams  of  the  central  section  should  be  of 
ash,  or  should  be  thicker  than  the  others.  In  the  latter  case,  they 
must  be  tapered  at  the  ends  so  that  the  clamping  sleeves  will  fit  and 
the  additional  wood  must  be  all  on  the  lower  side,  so  that  the  rib  will 
not  be  thrown  out  oi  aYxgum^ut.  TW^^x^l^^^^^^^^^^^^^^-Wc  beams 
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should  be  reasonably  clear  and  straight  grained,  but  a  small  knot 
or  two  does  not  matter,  provided  it  does  not  come  near  the  ends  of 
the  beam.  The  beams  may  be  cut  to  the  oval  shape  by  the  sawmill 
or  planed  down  by  hand. 

"Fish-shaped"  or  "stream-line"  section,  as  it  is  more  commonly 
termed,  is  used  for  the  struts,  Fig.  15.  It  is  questionable  whether 
this  makes  any  material  difference  in  the  wind  resistance,  but  it  is 
common  practice  to  follow  it  in  order  to  minimize  this  factor.  It  is 
more  important  that  the  struts  be  larger  at  their  centers  than  at  the 
ends,  as  this  strengthens  them  considerably.  At  their  ends  the 
struts  have  ferrules  of  the  1-inch  brass  or  steel  tubing,  and  fit  into 
the  sockets  which  clamp  the  ribs  and  beams  together.  The  material 
is  spruce  but  the  four  central  struts  which  carry  the  engine  bed  should 
either  be  ash  or  of  larger  size,  say  1 J  by  3  inches. 

Care  Necessary  to  Get  Planes  Parallel.  The  front  struts  must 
be  longer  than  the  rear  ones  by  the  thickness  of  a  main  rib  at  the 
point  where  the  rear  strut  bolt  passes  through  it,  less  the  thickness 
of  the  rib  ferrule  through  which  the  bolt  of  the  front  strut  must 
pass.  However,  the  first  distance  is  not  really  the  actual  thickness 
of  the  rib,  but  the  distance  between  the  top  of  the  rear  beam  and  the 
bottom  of  the  strut  socket.  In  the  drawings  the  difference  in  length 
between  the  front  and  rear  struts  is  given  as  2  inches,  but  it  is 
preferable  for  the  builder  to  leave  the  rear  struts  rather  long  and  then 
measure  the  actual  distance  when  assembling,  cutting  the  struts  to 
fit.  The  ends  of  the  struts  should  also  be  countersunk  enough  to. 
clear  the  head  of  the  socket  bolt. 

One  of  the  items  which  the  builder  can  not  well  escape  buying 
in  finished  form  is  the  strut  sockets.  These  are  cup-shaped  affairs 
of  pressed  steel  which  sell  at  20  cents  each.  Sixteen  of  them  will  be 
required  for  the  main  frame,  and  a  dozen  more  can  advantageously 
be  used  in  the  front  and  rear  controls,  though  for  this  purpose  they 
are  not  absolutely  necessary'.  They  can  also  be  obtained  in  a  larger 
oval  size  suitable  for  the  four  central  struts  that  carry  the  engine 
bed,  as  well  as  in  the  standard  1-inch  size.  The  bolts  which  project 
through  the  bottom  of  the  sockets  are  ordinary  J-inch  stove  bolts, 
with  their  heads  brazed  to  the  sockets. 

For  the  rear  struts,  where  the  bolt  must  pasa  XJmow^^^  'Sas^.- 
ing  maiii  rib,  it  is  advisable  to  make  ang\e  via;^ei^  Vj^  "C^X  >x£AKt  ^* 
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socket  and  nlso  between  the  beam  and  rib.  These  washers  are  niiuk 
by  sawing  iip  a  piece  of  hea\y  brass  tubing,  or  a  bar  with  a  J-indi 
hole  drilled  in  its  center,  the  saw  ciits  being  taken  alternately  at 
right  angles  and  at  60  degrees  to  the  axis  of  the  tube. 

The  sleeves  which  clamp  together  the  ends  of  the  beams  an 
made  of  sheet  steel  of  about  20  gauge.  The  steel  is  cut  out  on  the 
pattern  given  in  the  drawing.  Fig.  IG,  and  the  iV-inch  bolt  holes 
drilled  in  the  flanges.  The  flanges  are  bent  over  by  clamping  the 
sheet  in  a  vise  along  the  bending  line  and  then  beating  down  Hith  a 
hammer.  Then  the  sleeves  can  be  bent  into  shape  around  a  stray 
end  of  the  beam  wood.  The  holes  for  the  strut  socket  bolts  should 
not  be  drilled  until  ready  to  assemble.  Ordinarily,  A-inch  stove 
bolts  will  do  to  clamp  the  flanges  together. 

Having  reached  this  stage,  the  amateur  builder  must  now  supp)]r 
himself  with  turnbucklcs.  As  already  mentioned,  these  may  either 
be  purchased  or  made  by  hand.  It  is  permissible  to  use  either  one 
or  two  turnbuckles  on  each  wire.  One  is  really  sufficient,  but  two- 
one  at  each  end — add  but  little  weight  and  give  greater  leeway  in 
making  adjustments.  As  there  are  dbout  115  wires  in  the  maduoe 
which  need  turnbuckles,  the  number  required  will  be  either  115 
or  230,  depending  upon  the  plan  which  is  followed.  Those  of  the 
turnbuckles  to  be  used  on  the  front  and  rear  controls  and  the  aHerons, 
about  one-fifth  of  the  total  number,  may  be  of  lighter  stock  than  those 
employed  on  wires  which  carry  part  of  the  weight  of  the  machine. 

Mining  Turnbuckles  for  the  Truss  Wires.  On  the  suppo^tioD 
that  the  builder  will  make  his  own  turnbuckles,  a  ^mple  form  is 
described  here.  As  will  be  seen  from  Fig.  16,  the  turnbticldes  aie 
,  simply  bicycle  spokes,  with  the  nipple  caught  in  a  loop  of  sheet  sted 
and  the  end  of  the  spoke  itself  twisted  into  an  eye  to  which  the  truss 
wire  can  be  attached.  The  sheet  steel  used  should  be  18  or  16  gauge, 
and  may  be  cut  to  pattern  with  a  heavy  pair  of  tin  snips.  The  spokes 
should  be  A  'net  over  the  threaded  portion.  The  eye  should  be 
twisted  up  tight  and  brazed  so  that  it  can  not  come  apart.  The 
hole  in  the  middle  of  each  strip  is,  of  cotirse,  drilled  the  same  mt 
as  the  spoke  nipple.   The  holes  in  the  ends  are  A  inch. 

In  the  original  Curtiss  maclunes,  the  turnbuckles  vere  strung 
on  the  socket  bolts  one  alter  another,  sometimes  making  a  padc  of 
tbem  baU  an  incb  ^i^.    K  mu'^  ^««.\)a  Gxmi^rasjnsst.^  ihiMra  ia 
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the  drawings,  id  which  the  bolt  pierces  a  single  plate  with  lugs  to 
which  to  make  the  tumhiickles  fast  by  riveting-  The  plates  are  of 
different  shapes,  with  two,  three,  or  four  lugs,  according  to  the 
places  where  they  are  to  be  used.  They  are  cut  from  steel  stock 
A  inch  thick,  with  i-inch  holes  for  the  socket  bolts  and  A  inch,  or 
other  convenient  size,  for  the  rivets  that  fa^iten  on  the  turnbuckles. 

The  relative  merits  of  cable  and  piano  wire  for  trussing  have 
not  been  thoroughly  threshed  out.  Each  has  its  advantages  and 
disadvantages.  Most  of  the  well-known  builders  use  cable;  yet  if 
the  difTerence  between  1 ,0()0  feet  of  cable  at  21  cents  per  foot  (the 
price  for  oOO-foot  spools),  and  8  pounds  of  piano  wire  at  70  cents  a 
pound,  looks  considerable  to  the  amateur  builder,  let  him  by  all 
means  use  the  wire.  The  cable,  if  used,  should  be  the  A-inch  size, 
which  will  stand  a  load  of  SOO  pounds ;  piano  wire  should  be  24  gauge, 
tested  to  745  pounds.  It  should  be  noted  that  there  is  a  special 
series  of  gauges  for  piano  wire,  known  as  the  music  wire  gauge,  in 
which  the  size  of  the  wire  increases  with  tlie  gauge  numbers,  instead 
of  the  contrary,  as  is  usual  with  machinery  wire  gauges. 

One  by  no  means  unimportant  advantage  of  the  piano  wire 
is  that  it  is  much  easier  to  fasten  into  the  turnbuckles.  A  small  sleeve 
or  ferrule,  a  J-inch  lengtli  of  |-iricli  tubing,  is  first  strung  on  the 
wire.  The  end  of  the  wire  is  then  passed  through  the  tumbuckle 
eye,  bent  up,  thrust  through  the  sleeve,  and  again  bent  down.  When 
the  madiine  is  taken  apart,  the  wire  is  not  disconnected  from  the 
eye,  but  instead  the  tumbuckle  spoke  is  unscrewed  from  the  nipple. 
The  shape  of  the  sheet-steel  loop  should  be  such  as  to  hold  the  latter 
in  place.  Cable,  on  the  other  hand,  must  be  cut  with  about  2  inches 
to  spare.  After  being  threaded  through  the  tumbuckle  eye,  the 
end  is  wound  back  tightly  on  itself  and  then  soldered,  to  make  certain 
that  it  can  not  loosen. 

With  a  supply  of  turnbuckles  and  cable  or  piano  wire  at  hand, 
the  builder  may  go  ahead  with  the  main  box-like  structure  or  cell, 
which  should  be  completed  exceirt  for  the  cloth  covering,  and  in 
proper  alignment,  before  taking  up  the  construction  of  the  running 
gear  and  controls. 

Running  Gear.  The  running  gear  of  the  machine  ts  built  of 
seamless  steel  tubing,  those  parts  which  cany  tii«  wei^V  qV  ^t 
machine  direct  being  of  J-Inch  out^de  diameteT,  \fe-¥,a»^  \x&i\sit, 
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Ivhile  the  others  are  |-inch  outside  diameter,  either  18  or  20  gauge. 
'About  25  feet  of  the  heavy  and  45  feet  of  the  light  tubing  »i!l  W 
required,  iii  icngthji  as  follows;  Heavy,  four  3-foot,  three  4-foot :  lifiht, 
one  fr-fixit,  two  4-foot  G-inch,  and  seven  4-foot  jtieces.  Referring 
'  to  Fig.  17,  two  diagonal  braces  from  the  rear  beam  to  the  engine 
bed,  the  V-shaped  piece  under  the  front  engine  bed  struts  and  all 
of  the  rear  frame  except  the  horizontal  piece  from  wheel  to  whcil, 
ore  of  heavy  tubing.  Tlie  horizontal  in  the  rear  frame,  diagonal* 
from  tlie  rear  wheels  and  the  rear  end  of  the  skid  to  the  front  beam, 

kthe  two  horizontals  between  the  front  and  rear  beam,  and  the  for- 
ward V  are  of  light  tubing. 
Three  ash  beams  are  used  in  the  running  gear.     Two  of  tlief 
run  diagonally  from  the  rear  end  of  the  engine  bed  to  the  front  wbetL 


Fie.  IT.     EtoUils  of  CurUn  RuddIdc  Oekr 


These  are  about  10  feet  long  and  1  by  IJ  inches  section.  The  thinl. 
which  on  rough  ground  acts  as  a  skid,  is  8}  feet  long  and  about  2 
inches  square.  Between  the  points  where  the  tubing  frames  are 
attached  to  it,  the  upper  comers  may  be  beveled  oil  with  a  spoke 
shave  an  inch  or  more  down  each  side.  The  beams  are  attached  to 
the  front  wheel  with  strips  of  steel  stock  IJ  inches  wide  and  J  inch 
thick.  The  engine  bed  beams  are  also  ash  about  1  by  1|  inches 
section.  Their  rear  ends  are  bolted  to  the  middle  of  the  rear  engine 
bed  struts  and  the  front  ends  may  be  J  inch  hi^er. 

The  wbeeU  are  u^uaW^  ^Q\i:j  lisidMsa,  wAA-istW^de  type, 
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but  heavier  and  wider  in  the  hub;  the  tires  are  single  tube.  These 
wheels,  complete  with  tires,  cost  about  $10  each.  This  size  is  used 
on  the  standard  Curtiss  machines,  but  novice  operators,  whose  land- 
ings are  not  quite  as  gentle  as  they  might  be,  find  them  easily  broken. 
Therefore,  it  may  be  more  economical  in  the  end  to  pay  a  little  more 
and  get  heavier  tires — at  least  to  start  with. 

For  working  the  tubing  into  shape,  a  plumber's  blow  torch  is 
almost  indispensable — ^most  automobilists  will  already  possess  one 
of  these.  The  oval,  flat  variety,  holding  about  one  pint,  is  very  handy 
and  packs  away  easily,  but  on  steady  work  requires  filling  somewhat 
too  frequently.  With  a  dozen  bricks  a  shield  can  be  built  in  front  of 
the  torch  to  protect- the  flame  and  concentrate  the  heat.  Whenever 
it  is  to  be  flattened  and  bent,  the  tubing  should  be  brought  to  a 
bright  red  or  yellow  heat.  Screwing  the  vise  down  on  it  will  then 
flatten  it  quickly  without  hammer  marks.  Where  the  bend  is  to  be 
made  in  the  middle  of  the  piece,  however,  it  may  be  necessary  to 
resort  to  the  hammer  and  anvil. 

It  is  convenient  to  start  with  the  framework  under  the  rear 
beam.  This  may  be  drawn  accurately  to  full  size  on  the  workshop 
floor,  and  the  tubes  bent  to  fit  the  drawing.  With  thb  framework  once 
in  place,  a  definite  starting  point  for  the  remainder  of  the  running  gear 
is  established.  Here  and  in  all  other  places,  when  boring  through 
wood,  the  holes  should  be  drilled  out  full,  and  larger  washers  should 
be  placed  under  the  bolt  head  and  nut.  All  nuts  should  be  provided 
with  some  sort  of  locking  device  The  perspective  drawing.  Fig.  17, 
should  show  the  general  arrangement  clearly  enough  to  enable  the 
builder  to  finish  the  running  gear. 

Outriggers.  Both  the  front  and  rear  control  members,  or 
"outriggers"  as  they  are  termed,  Fig,  12,  may  be  conveniently 
built  up  on  the  central  section  of  the  main  frame,  which,  it  is  assumed, 
has  now  been  fitted  with  the  running  gear. 

The  horizontal  rudder,  or  "elevator,"  is  a  biplane  structure  like 
the  main  cell  of  the  machine,  but  with  fewer  struts;  it  is  carried  in 
front  of  the  main  planes  on  two  A-shaped  frames.  The  vertical 
rudder,  at  the  rear,  is  split  along  the  middle  and  straddles  a  fixed 
horizontal  plane,  or  tail.  Thb  also  is  carried  on  two  A-shaped 
■  frames.  Lateral  stability  is  controlled  by  two  aw's^vj  ■^•c«a.  w^ 
ailerons,  one  at  each  side  of  the  machine  and  cameA.  oa  'Cdr  Vw<»  w*w 
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front  struts.  These  three  control  units — eletrator,  tail  and  rudder,  and 
ailerons— v{\\\  now  be  taken  up  separately  and  their  constructifHi, 
location  on  the  machine,  and  operation  will  be  described. 

Horizmml  Rudder  or  Elevafor.    The  two  planes  of  the  elcvBtor 
are  2  feet  wide  by  5  feet  8  inches  long  and  are  spaced  2  feet  apart, 
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being  held  in  this  position  by  t«n  struts.  The  frames  of  the  platiea 
are  built  of  spruce  sticks  J  by  1  inch,  each  plane  having  two  sticks 
the  full  length  and  five  evenly  spaced  crosspieces  or  ribs.  These 
are  joined  together  with  squares  of  X-sheet  tin,  as  shown  in  the 
detailed  drawing,  Fig.  18.  With  a  little  experimenting,  paper 
patterns  can  be  made  ^Tom  wbtcli  the  tin  pieces  can  be  cut  out 
The  sticks  are  tWn  na.\\eitVTou^'0ne\lwv-«\'C>&V™^\«%i3^ 
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It  is  convenient  to  draw  the  frames  out  accurately  on  a  smooth 
wood  floor  and  then  work  over  this  drawing.  Tlie  first  few  Itrads 
will  hold  the  sticks  in  place.  When  all  the  brads  have  been  driven, 
a  little  drop  of  solder  should  be  run  in  around  the  head  of  each  one. 
This  is  a  tedious  job.  One  must  be  careful  to  use  no  more  solder  than 
necessary  as  it  increases  the  weight  verj'  rapidly.  Two  pounds  of 
wire  solder  should  he  sufficient  for  all  the  control  members  which  are 
built  in  this  way.  AMien  tlie  top  side  is  soldered,  pry  the  frame  loose 
from  the  floor  with  a  screwdriver  and  turn  it  over.  Then  the  pro- 
jecting points  of  the  brads  must  be  clinched  and  the  soldering  repeated. 

At  this  stage,  the  two  frames  should  be  covered  on  both  sides 
with  the  prepared  cloth  used  for  covering  the  main  planes.  The 
method  of  preparing  this  cloth  is  detailed  a  little  farther  along. 

The  stmts,  so-called,  to  continue  the  analogy  with  the  main 
planes,  are  turned  sticks  of  spruce  f  inch  in  diameter.  They  are 
fitted  at  each  end  with  ferrules  of  thin  f-inch  brass,  or  steel  tubing, 
driven  on  tight.  Instead  of  using  sockets,  the  struts  are  held  at  each 
end,  simply  by  a  long  wood  screw  driven  through  the  tin  and  wood 
of  the  plane  frame  and  into  the  strut.  These  screws  also  hold  the 
turnbuckles  for  the  truss  wires.  For  trussing  purposes,  the  elevator 
is  regarded  as  consisting  of  two  sections  only,  the  intermediate  struts 
being  disregarded. 

The  turnbuckles  and  wire  used  here  and  in  the  other  control 
members  may  well  be  of  lighter  stock  than  those  used  in  the  main 
planes.  Piano  wire.  No.  18,  or  A-inch  cable  is  amply  strong.  The 
sheet  steel  may  be  about  22  gauge,  instead  of  16,  and  the  bicycle 
spokes  smaller  in  proportion.  No  turnbuckle  plates  are  necessary. 
The  screws  running  into  the  struts  may  be  passed  directly  through 
the  eyes  of  the  turnbuckles,  where  they  would  have  been  attached 
to  the  turnbuckle  plate.  In  order  to  secure  a  square  and  neat  struc- 
ture, those  struts  which  have  turnbuAles  at  their  ends  should  be 
made  a  trifle  sliorter  than  the  others. 

At  each  end,  the  elevator  has  an  X-shaped  frame  of  j-inch  steel 
tubing;  at  the  intersection  of  the  X's  are  pivots  on  which  the  elevator 
is  supported.  Each  X  is  made  of  two  tubes,  bent  into  a  V  and  flat- 
tened and  brazed  together  at  the  points.  The  ends  of  the  X's  are 
flattened  and  bent  over  s"  that  the  screws  w\\\cVv  VoXii  SN\^  ■i\.\>s.v^ 
in  place  way  pass  (iirough  them. 
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strut  is  attached  an  exten- 
sion wWch  acts  as  a  Ir-  , 
fur  i>perating  the  elevaiw. 
This  is  8  stick  of  spniofl 
iiicli  iiuIiitmeterandS^H 
3  inches  long.  Atitsup^H 
enii  it  has  a  femile  of  stwl 
tubing,   flattened    at  ll" 
end.      The  lower  part  "I 
the  stick  maj'  be  fa*t*i3i>l 
to  the  strut  by  wrappiii); 
2     the  tube  with  friction  lajf , 
g     or  by  improvising  a  coiifilr 
^     of  sheet  steel  cJamps.  Th< 
-u     upper  end  of  the  stick  !■ 
«     braced   by  a  [-inch  steel 
J     tube,  extending  to  the  t<'i> 
£     iif  the  rear  middle  strui. 
1     and    held    by    the    sntm 
C     screw  as  the  strut.    Tb\-' 
1     extension  lever  is  coniiwi- 
^     cd  to  the  steering  column 
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1     by  ft  bamboo  rod,  1  inch 
^     in  diameter  and  about  1" 
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^     feet   long,  providetl    wiili 
^      flattened  ferrules  of  sUt\ 
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tubing  at  each  end.    Eacli 
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ferrule  sh()uld  be  held  on 
byaj-inch  stove  bolt  pas,v- 
ing  through  it. 

Fronl  and  Itear  Oulriggt: 
Frames.      Both  tlie  r^'tll 
elevator  and  tlic  tail  ami 
rudder  at  the  rear,  are  m^^ 
ricd,  as  mentioned  aboi^H 
each  on  a  pair  of  A-sIm4^| 
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other,  except  that  tboae  in  the  rear  are  longer  than  those  in  the 
front.  Both  are  made  of  spruce  of  about  the  same  section  as  used 
for  the  struts  of  the  main  frame.  These  pieces  may  either  be  full 
length,  or  they  may  be  jointed  at  the  intersection  of  the  crosspieces, 
the  ends  being  clamped  in  a  shee't-steel  sleeve,  just  like  that  used 
on  the  beams  of  the  main  frame.  In  this  case,  it  is  advisable  to 
run  a  J-inch  stove  bolt  through  each  of  the  ends. 


The  crosspieces  of  the  A-fraraes  are  spruce  of  tlie  same  section, 
or  a  little  smaller.  At  their  ends  may  be  used  strut  sockets  like  those 
of  the  main  frame;  or,  if  it  is  desired  to  save  this  expense,  they  may 
be  fastened  by  strips  of  iVinch  steel  stock  with  through  bolts. 

The  front  outrigger  has,  besides  the  two  A-f tames, «.  ^aSinss  issox- 
phcated  arrangement  of  struts  designed  to  Viiace  t)we.  \x«u\.  -wV-iaS*. 
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against  the  shocks  of  landing.  This  arrangement  does  not  appear 
very  plain  in  a  plan  or  elevation,  and  may  best  be  understood  by 
reference  to  the  photograph,  Fig.  19,  and  the  perspective  drawing, 
Fig.  20.  Fig.  20  is  a  view  from  the  driver's  seat.  The  elevator  is 
seen  in  front,  the  A-frames  at  each  side,  and  at  the  bottom  the  two 
diagonal  beams  to  the  engine  bed  and  the  skid. 

Reference  to  this  drawing  will  show  the  two  diagonals  run  from 
the  front  wheel  up  and  back  to  the  top  of  the  main  frame,  and  two 
more  from  the  wheel  forward  to  the  short  crosspieces  near  the  apexes 
of  the  A-frame:  there  is  also  a  vertical  strut  which  intersects  two 
horizontal  pieces  running  between  the  ends  of  the  longer  crosspieces 
of  the  A-frames.  Altogether,  there  are  five  attachments  on  each  side 
of  the  front  wheel,  through  which  the  axle  bolt  must  pass,  viz,  the 
connections  to  the  skid,  to  one  of  the  diagonals  to  the  engine  bed, 
to  one  of  the  rear  diagonals,  to  one  of  the  front  diagonals,  and  to  one 
side  of  the  fork  carrying  the  vertical  strut.  Of  these  the  skid  attach- 
ments should  be  on  the  inside  closest  to  the  wheel,  and  the  engine 
bed  diagonals  next. 

The  four  additional  diagonals  running  to  the  front  wheel  may 
be  spruce  of  the  same  section  used  in  the  A-frames,  or  turned  one 
inch  round.  At  each  end  they  have  flattened  ferrules  of  steel  tubing. 
The  beams  of  the  A-frames  have  similar  ferrules  at  the  ends  where 
they  attach  to  the  main  frames.  These  attachments  shoukl  be  made 
on  the  socket  bolts  of  the  struts  on  either  side  of  the  middle  (i-foot 
section  and  on  the  outer  side  of  the  main  beams — not  betweiMi  the 
beam  and  the  socket  itself. 

It  is  possible,  of  course,  to  make  all  the  A-frames  and  diagonal 
braccMS  of  bamboo,  if  desired,  the  qualities  of  this  material  already 
liaving  been  referred  to.  Bamboo  rods  for  this  purpose  should  be 
between  1  and  IJ  inches  in  diameter.  Where  ferrules  are  fitted  on 
the  ends,  the  hole  of  the  bamboo  should  be  plugged  with  wood  glued 
in  place. 

Generally,  in  the  construction  of  the  outrigger  frames,  the 
builder  can  use  his  own  discretion  to  a  considerable  extent.  There 
are  innumerable  details  which  can  be  varied — far  too  manv  to  con- 
sider  even  a  part  of  the  possibilities  in  this  connection.  If  the  builder 
runs  across  any  detail  which  he  does  not  see  mentioned  here,  he  may 
safely  assume  tVvat  aTv>/  \\otVtcv^\X^^  V^  ^^^  ^s^i^^ifc,    CKteu^  the 
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tlnxl  may  be  adapted  to  the  materials  on  hand.  The  diagmiut 
wires  from  the  cmsspieces  of  the  A-frames  to  the  stmts  should  he 
crossed. 

Itudder  and  Tail  Construction.  The  frame  for  the  rudder  and 
tail  are  constructed  in  much  the  same  way  as  tiiose  for  the  elevator, 
Fig.  IS.  Spruce  sticks  1  by  J  inch  are  used  tliroughout,  except  for 
the  piece  at  the  back  edge  of  the  rudder  and  the  long  middle  piece 
across  the  tail;  these  should  be  IJ  by  ^  inch.  Thia  long  middle  piece 
of  the  tail  is  laid  across  on  to[>  of  the  rest  of  tlie  framework,  ^Vhen 
the  cloth  is  put  on,  this  makes  the  upper  surface  slightly  conves  while 
the  lower  surface  remains  flat.  The  ends  of  this  piece  should  be 
reinforced  with  sheet  steel,  fairly  heavy  and  drilled  for  J-inch  bolts, 
attaching  tlie  tall  to  the  A-franies. 

The  rudder  is  hung  from  two  posts  extending  above  and  below 
the  tail.  These  posts  may  lie  set  in  cast  aluminum  sockets,  sucli  as 
may  be  obtained  from  any  supply  house  for  20  cents  apiece.  The 
posts  need  not  be  more  than  \  inch  in  diameter.  At  their  outer  ends, 
they  should  ha\'e  ferrules  of  steel  tubing,  and  the  turnbuckles  or  other 
attachments  for  the  trus.-}  wires  should  be  attached  hy  a  wmxi  screw 
running  into  the  end  of  each.  From  these  posts  the  rudder  may  be 
hung  on  any  light  liingea  the  builder  may  find  convenient,  or  on 
hinges  improvised  fnim  screw  eyes  or  eye  bolts,  with  a  bolt  passing 
through  the  eyes  of  each. 

In  steering,  the  rudder  is  controlled  by  a  steering  wheel  carried 
on  8  hinged  post  in  front  of  the  pilot.  This  post  should  be  ash  about 
1  by  I J  inches.  It  binges  at  the  bottom  on  a  steel  tulie  of  3-inch 
diameter  whicli  passes  through  it  and  is  supported  at  the  ends  on 
diagonal  beams  to  the  engine  bed.  Two  diagonals  of  lighter  tubing 
may  l)e  put  ia  to  hold  the  posts  centered  between  the  two  beams. 

The  post  is,  of  course,  upright,  and  the  hub  of  the  wheel  is 
horizontal.  The  wheel  may  be  conveniently  mounted  on  a  piece  of 
tubing  of  the  same  size  as  the  hub  hole,  run  tlu^ugh  the  post  and 
held  by  a  comparatively  small  bolt,  which  passes  through  it  and  has 
a  big  washer  on  either  end.  The  wheel  is  preferably  of  the  motor- 
boat  variety  with  a  groove  around  the  rim  for  the  steering  cable. 

The  rear  edge  of  the  tjiil  should  be  about  1  inch  lower  than  the 
front.     To   make   the  rudder   post   stand  avptwKvma.VcN-s  N^t^A'o^, 
wedge-shaped  pieces  of  wood  may  be  set,  untiet  tVe  'sttt^*^^. 
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The  steering  connections  should  be  of  flexible  cables  of  st«l 
Buch  as  are  made  for  this  purpose.  There  should  be  a  double  iniiley 
ou  the  post  just  under  the  wheel,  and  the  cables  should  be  led  nil 
the  post  just  at  the  hinge  at  the  bottom,  so  that  swinging  tlie  post 
will  not  affect  them.  The  cable  is  then  carried  under  the  lower  mniti 
plane  and  out  the  lower  beams  of  the  A-frames.  It  is  attached  to 
the  rudder  at  the  back  edge;  snap  hooks  should  be  used  for  easy 
disconnection  in  packing.  Perhaps  the  best  way  of  guiding  the  cable. 
instead  of  using  pulleys,  is  to  run  it  through  short  pieces  of  tubinjt 
lashed  to  the  beams  with  friction  tape.  The  tubing  can  be  bent 
without  flattening  by  first  filling  it  with  melted  lead,  which,  aftr; 
the  bending,  can  be  melted  out  again. 

Ailerons  for  Lateral  Stability.  Tlie  framework  of  the  ailerons 
is  made  in  the  same  way  as  that  for  the  elevator,  tail,  and  rudder. 
Fig.  18.  The  pieces  amund  the  edges  should  l>e  li  by  §  inch,  s' 
also  the  long  strip  laid  over  the  top  of  the  ribs.  The  ribs  should  iie 
J  by  I  inch.  Each  aileron  has  two  holes,  one  for'the  strut  to  pas' 
through,  and  the  other  for  tlie  diagonal  truss  wires  at  their  intfr- 
section.  The  back  edge  also  has  a  notch  in  it  to  clear  the  fore  ami 
aft  wires.  Each  aileron  is  hung  on  four  strips  of  soft  steel  about  ! 
by  A  inch,  twisted  so  that  one  end  is  at  right  angles  to  the  other. 
TTiese  are  arranged  one  on  each  side  of  tlie  strut  which  passes  through 
the  aileron,  and  one  at  each  end.  Bolts  through  the  struts  carry  thrw 
of  them  and  the  outer  one  is  trussed  by  wires  to  each  eud  of  the  outer 
strut. 

A  frame  of  J-inch  steel  tubing  fits  around  the  aviator's  shouMcn 
aaid  is  hinged  to  the  seat,  so  that  he  can  move  it  by  leaning  from  one 
side  to  the  other.  This  is  connected  by  flexible  cable  to  the  pear 
edges  of  the  ailerons,  so  that  when  the  aviator  leans  to  the  left,  he 
will  raise  the  left  and  lower  the  right  aileron.  The  upper  edges  trf 
the  ailerons  are  directly  connected  to  each  other  by  a  cable  running 
along  the  upper  front  beam,  so  that  they  must  always  move  together. 

Covering  of  the  Planes.  Mention  has  already  been  made  of 
the  fact,  in  the  general  description  of  the  machine,  that  light  sail 
cloth,  as  employed  on  the  Wright  machines,  may  be  used  for  the 
planes  or  wings.  As  a  matter  of  fact,  many  different  materials  may 
be  successfully  emvVoy^d,  the  selection  depending  upon  the  builder 
himself  aiid  his  6»a'QOft\^«w»™'=**-  &i;»s*-^w*»»i"3«4fc^  material 
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^nll  be  required,  and  in  comparing  prices  always  compare  the  width 
as  this  may  vaiy  from  28  to  55  inches.  Rubberized  silk  which  is  used 
on  the  standard  Curtiss  machines  is  the  most  expensive  covering, 
its  cost  ninoing  up  to  something  like  two  hundred  dollars.  There 
are  al«t  several  g'Hxl  aero  fitbrics  on  the  market  which  sell  at  60 
c-ents  a  square  yard,  as  well  as  a  number  of  brands  of  varnish  for  the 
cloth — most  of  them,  however,  quite  expensive.  The  most  economical 
method  is  to  employ  a  strong  linen  cloth  coated  with  shellac,  which 
will  be  found  very  satisfactory. 

The  covering  of  tlie  frames  with  the  cloth  may  well  be  post- 
poned until  after  the  engine  has  been  installed  and  tested,  thus  avoid- 
ing the  splashing  of  oil  and  dirt  which  the  fabric  is  apt  to  receive 
during  tliis  operation.  The  wire  to  which  the  cloth  is  laced,  must 
be  strung  along  the  rear  ends  of  the  ribs  of  each  plane.  The  wires 
pass  through  holes  in  the  ends  of  the  small  ribs  and  are  attached 
to  the  main  ribs  with  turnbiickles.  .\t  the  ends  of  the  planes  the 
main  ribs  must  be  braced  against  the  pull  of  the  wire  by  a  piece  of 
J-inch  tubing  running  from  the  end  of  the  rib  diagonally  up  to  the 
rear  beam.  Both  turnbuckles  and  tube  are  fastened  with  one  wood 
screw  running  into  the  end  of  the  rib. 

The  cloth  should  be  cut  to  fit  the  panels  between  the  main 
ribs  and  hemmed  up,  allowing  at  least  an  inch  in  each  direction  for 
stretch.  Small  eyelets  should  be  put  along  the  sides  and  rear  edges 
an  inch  apart  for  the  lacing.  At  the  front  edge,  the  cloth  is  tacked 
directly  to  the  beam,  the  edge  being  taken  well  under  and  around 
to  tlie  back.    Strong  fish  line  is  good  material  for  the  lacing. 

After  the  cloth  is  laced  on,  it  must  be  tacked  down  to  the  small 
ribs.  For  this  purpose,  use  upholstery  tacks  as  they  have  big  cup- 
shaped  heads  which  grip  the  cloth  and  do  not  tear  out.  As  an  extra 
precaution  a  strip  of  heavy  tape  must  be  run  over  each  rib  under 
the  tack  heads.  All  the  control  members  are  covered  on  both  sides, 
the  edges  being  folded  under  and  held  by  tacks. 

Making  the  Propeller.  If  the  completed  biplane  is  to  fly 
properly  and  also  have  sufficient  speed  to  make  it  safe,  consider- 
able care  must  be  devoted  to  the  design  and  making  of  the  pro- 
peller. Every  aeroplane  has  a  safe  speed,  usually  referred  to  in 
technical  parlance  as  its  critical  speed.  In  ^e  ca.?«:  o\  "CtN.^  CKseoae. 
biplane  under  coimderatitm,  thb  speed  la  bJiomX,  ^  ■oAes. 


By  speeding  up  the  motor  considerably,  it  may  be  able  to  make 
42  to  43  miles  ati  hour  in  a  calm,  such  a  condition  representing  the 
only  true  measure  of  an  aeroplane's  ability  in  this  direction,  while 
on  the  other  hand,  it  would  not  be  safe  to  let  its  speed  wHth  relation 
.  to  the  wind  (not  to  the  ground)  fall  much  below  35  miles  an  hour. 
At  any  slower  rate  of  travel,  its  dynamic  stability  would  be  pre- 
carious and  the  machine  would  be  likely  to  dive  to  the  ground  unex- 
pectedly. The  reasons  for  this  have  been  explained  more  in  detail 
under  the  heading  of  "The  Internal  Work  of  the  Wind." 

The  necessity  of  making  the  propeller  need  not  cUaocnmge  the 
ambitious  builder — if  he  can  span  the  time  to  do  it  li^t,  it  will 
be  exeellent  experience.  If  not,  pnq>eller3  dedgned  for  driving  ■ 
madiine  of  this  me  can  be  purchased  ready  to  mount  from  any  ok 
of  quite  a  number  of  manufacturers.  But  as  the  outlay  Tequiml 
will  be  at  least  $50,  doubtless  most  experimenters  will  prefer  to 
undertake  this  part  of  the  work  as  well  as  that  of  building  the  franK- 
work  and  main  cell,  particularly  as  more  than  90  per  cent  of  the 
sum  mentioned  is  represented  by  labor.  The  cost  of  the  material 
required  is  insignificant  by  comparison. 

True-Screw  Design.  First  it  will  be  necessary  to  de^gn  the 
propeller  to  meet  the  requirements  of  the  biplane  itself.  As  this  is 
a  matter  that  has  already  been  gone  into  in  considerable  detail 
under  the  appropriate  heading,  no  further  explanation  of  propeller 
characteristics  or  of  the  technical  terms  employed,  should  be  needed 
here.  We  will  assume  that  the  biplane  is  to  have  a  speed  of  40  miles 
per  hour  in  still  air  with  the  motor  running  at  1,200  r.  p.  m.  \Mth 
this  data,  it  will  not  be  difficult  to  calculate  the  correct  pitch  of  the 
propeller  to  give  that  result.    Thus 
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or  in  round  numbers  a  pitch  of  3J  feet.  40  (the  speed  in  miles  per 
hour)  times  5,280  (feet  per  mile)  divided  by  60  (minutes  in  an  hour) 
pves  the  speed  of  the  aeroplane  in  feet  per  minute.  Dividing  this  by 
1 ,200  (revolutions  per  minute)  gives  the  number  of  feet  the  aeroplane 
is  to  advance  per  revolution  of  the  propeller.  The  "k"  part  of 
the  equation  tepteaeiAa  ^e  effidency  of  the  propeller  which  can 
safely  be  figured  on,  i.  e.,%5  v«  cKa\.,*««^^«Sisff«%aMtV!a^ijo(  15 
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per  cent.  Forty  miles  an  hour  is  the  maximum  speed  to  be  expected, 
while  the  r.  p.  m.  rate  of  the  engine  should  be  that  at  which  it  operates 
to  the  best  advantage. 

The  merits  of  the  true-screw  and  variable-pitch  propellers  have 
already  been  dwelt  upon.  The  former  is  not  only  more  simple  to 
build,  but  experience  has  shown  that,  as  generally  employed,  it 
gives  better  eflBciency.  Hence,  the  propeller  under  consideration 
will  be  of  the  true-screw  type.  Its  pitch  has  already  been  calculated 
as  3|  feet.  For  a  machine  of  this  size  and  power,  it  should  be  6  feet 
in  diameter.  Having  worked  out  the  pitch  and  decided  upon  the 
diameter,  the  next  and  most  important  thing  is  to  calculate  the  pitch 
angle.  It  will  be  evident  that  no  two  points  on  the  blade  will  travel 
through  the  air  at  the  same  speed.  Obviously,  a  point  near  the  tip 
of  the  propeller  moves  faster  than  one  near  the  hub,  just  as  in  round- 
ing a  curve,  the  outer  wheel  of  an  automobile  has  to  travel  faster 
than  the  inner,  because  it  has  to  travel  farther  to  cover  the  same 
ground.  For  instance,  taking  the  dimensions  of  the  propeller  in 
question  it  will  be  seen  that  its  tips  will  be  traveling  through  the  air 
at  close  to  4.3  miles  per  minute,  that  is, 

6X5X1200^^28 
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in  which  6,  the  diameter  of  the  propeller  in  feet,  times  t:  gives  the 
circumference  of  the  circle  which  is  traveled  by  the  blade  tips  1,200 
times  per  minute;  this  divided  by  the  number  of  feet  per  mile  gives 
the  nodles  per  minute  covered.  On  the  other  hand,  a  point  on  the 
blade  but  6  inches  from  the  hub  will  turn  at  only  approximately 
3,500  feet  per  minute.  Therefore,  if  every  part  of  the  blade  is  to 
advance  through  the  air  equally,  the  inner  part  must  be  set  at  a 
greater  angle  than  the  outer  part.  Each  part  of  the  blade  must  be 
set  at  such  an  angle  that  at  each  revolution  it  will  move  forward 
through  the  air  a  distance  equal  to  the  pitch.  This  is  known  as  the 
pitch  angle.  The  pitch  divided  by  the  circumference  of  the  circle 
described  by  any  part  of  the  blade,  will  give  a  quantity  known  as 
the  tangent  of  an  angle  for  that  particular  part.  The  angle  corre- 
sponding to  that  tangent  may  most  easily  be  found  by  referring  to 
a  book  of  trigonometric  tables. 

For  example,  take  that  part  of  the  Wade  ol  a  'iV^^^'^  ^\\5JcL\f^^ 
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TABLE  II 
Propeller  Blade  Dmta 
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peller  which  is  6  inches  from  the  ceater  of  the  hub.    Then 
3.5X  12 


6X2;: 


=  1.1141  tangent  of  48  degrees  5  minutes 


in  which  3.5X12  reduces  the  pitch  to  inches,  while  6X2"  is  llif 
circumference  of  the  circle  described  by  the  point  6  inches  from  tlif  j 
hub.  However,  in  order  to  give  the  propeller  blade  a  proper  hulJ 
on  the  air,  it  must  be  set  at  a  greater  angle  than  these  figures  woul'i 
indicate.  That  is,  it  must  be  given  an  angle  of  incidence  similar  l" 
that  given  to  every  one  of  the  supporting  planes  of  the  mafliiuf 
This  additional  angle  ranges  from  2  degrees  lit)  minutes,  to  4  degrw=. 
depending  upon  the  speed  at  which  tlie  particular  part  of  tlic  bladi 
travels;  the  greater  the  speed,  the  less  the  angle.  Tliis  does  not  applj 
to  that  part  of  the  blade  near  the  hub  as  the  latter  is  depended  up"" 
solely  for  strength  and  is  not  expected  to  add  to  the  efTectixe  thni-i 
of  the  propeller. 

Table  II  shows  the  complete  set  of  figures  for  a  blade  of  3i*tool 
pitch,  the  angles  being  worked  out  for  sections  of  the  blade  3  inch» 
apart. 

These  angles  are  employed  in  Fig-  21,  which  shows  one  hlaifc 
of  the  propeller  and  its  cross  sections. 

It  should  be  understood  that  these  calculations  apply  only  to 
the  type  of  propeller  known  as  tlie  true  ncreic,  as  distinguisheil  fnito 
the  narkUe  pitch.   TVe  Aew?,^  o^  -CrcWIm  vs  a  matter  of  personal  _ 


skill    and    expemnce  \n  \\s  mstoR?,  -^Vx^  "n^  \^x&^ 


^-^v^y 


tIt-31.    DaUili  of  PiopeUra  CoiuteuctioD,  C1niin^^1^n» 
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expression  in  any  mathematical  formula.  Tliere  are  said  to  be  only 
about  three  men  in  this  country  who  know  how  to  make  a  proper 
variable-pitch  propeller,  and  it  naturally  is  without  advantage  when 
made  otherwise. 

Shaping  the,  Blades.  like  the  ribs,  the  propeller  is  made  up 
of  a  number  of  laminations  of  boards  finished  true  and  securely 
glued,  afterward  being  cut  to  the  proper  shape,  though  this  process, 
of  course,  involves  far  more  skill  than  in  the  former  case.  Spruce  b 
the  strongest  wood  for  its  weight,  but  it  is  soft  and  cracks  ea^y. 
Maple,  on  the  other  hand,  is  tough  and  hard,  so  that  it  will  be  an 
advantage  to  alternate  the  layers  of  these  woods  with  an  extra 
maple  board,  in  order  to  make  both  outside  strips  of  the  harder 
wood,  so  as  to  form  a  good  backing  for  the  steel  flanges  at  the  hub, 
the  rear  layer  ejctending  the  full  length  of  the  thin  rear  edges  of  the 
blades.  Other  woods  may  be  employed  and  frequently  are  used  by 
•propeller  manufacturers,  such  as  mahogany  (not  the  grained  wood 
used  for  furniture,  but  a  cheaper  grade  which  is  much  stronger), 
walnut,  alternate  spruce  and  whitewood,  and  others. 

The  hoards  should  be  selected  with  the  greatest  care  so  as  to 
insure  their  being  perfectly  clear,  i,e,,  absolutely  free  of  knots, 
cross-grained  streaks,  or  similar  flaws,  which  would  impair  their 
strength  and  render  them  difficult  to  work  smoothly.  They  should 
measure  (>  inirhes  wide  by  (>  feet  1  inch  in  length.  Their  surfaces 
must  be  finished  perfectly  true,  so  that  they  will  come  together 
uniformly  all  over  the  area  on  which  they  bear  on  one  another,  and 
the  various  pieces  must  be  ghied  together  witli  the  most  painstaking 
care.  Have  the  glue  hot,  so  that  it  will  spread  evenly,  and  see  that 
it  is  of  a  uniform  consistency,  in  order  that  it  may  be  smoothly 
applied  to  every  bit  of  the  surface.  They  must  then  be  clamped 
together  under  as  much  pressure  as  it  is  possible  to  apply  to  them 
with  the  means  at  hand,  the  rib  press  already  described  in  detail 
forming  an  excellent  tool  for  this  purpose.  Tighten  up  the  nuts 
evenly  a  little  at  a  time,  avoiding  the  application  of  excessive  or 
uneven  pressure  at  one  point,  continuing  the  gradual  tightening  up 
process  until  it  can  not  be  carried  any  farther.  This  is  to  prevent  the 
boards  from  assuming  a  curve  in  drying  fast.  Allow  at  least  twenty- 
four  hours  for  dtyitv^^,  Axxrav^^-vVixdCL  v^riod  the  laminated  block  should 
be  kept  in  a  coo\,  dt^  p\«^  ^^  ^  «^«si^\«sii^\^v\afc^v«a^ 
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Before  undertaking  the  remainder  of  the  work,  all  of  which 
must  be  carried  nut  by  hand,  with  the  exception  of  cutting  the 
block  to  tlie  outline  of  the  propeller,  which  may  be  done  with  a  band 
saw,  a  set  of  templates  or  gauges  should  be  made  from  the  drawings. 
These  will  be  necessary  as  guides  for  finishing  the  profieller  acurately. 
Draw  the  sections  out  full  size  on  sheets  of  cardboard  or  tio  and 
cut  out  along  the  curves,  finally  dividing  each  sheet  into  two  parte, 
one  for  the  upper  side  and  one  for  the  lower.  Care  must  be  taken 
to  get  the  sides  of  the  template  square,  and  when  they  are  used,  the 
propeller  should  be  laid  on  a  perfectly  true  and  flat  block.  Each 
template  should  be  marked  as  it  is  finished,  to  indicate  what  part 
of  the  blade  it  is  a  gauge  for.  The  work  of  cutting  the  laminated 
block  down  to  the  lines  represented  by  the  templates  is  carried  out 
with  the  aid  of  the  plane,  spoke  shave,  and  gouge.  After  the  first 
Toughing  out  to  approximate  the  cur\'ature  of  the  finished  propeller 
is  completed,  the  cuts  taken  should  be  very  fine,  as  it  will  be  an  easy 
matter  to  go  too  deep,  thus  spoiling  the  block  and  necessitating  a 
new  start  with  fresh  material.  For  Gniiilung,  pieces  of  broken  glass 
are  employed  to  scrape  the  wood  to  a  smooth  surface,  followed  by 
^jparse  and  finally  by  fine  sandpaper. 

^^m  Mounting.  The  hub  should  be  of  the  same  diameter  as  the 
^^Bnge  on  the  engine  crank  shaft  to  which  the  flywheel  was  bolted, 
^^Rld  should  have  its  bolt  holes  drilled  to  correspond.  To  strengthen 
the  hub,  light  steel  plates  of  the  same  diameter  are  screwed  to  it, 
front  and  back,  and  the  bolt  holes  drilled  right  through  the  metal 
and  wood.  This  method  of  fastening  is  recommended  where  it  is 
possible  to  substitute  the  propeller  for  the  flywheel  formerly  on  the 
engine,  it  being  common  practice  to  omit  the  use  of  the  flywheel 
altogether.  The  writer  does  not  recommend  this,  however,  as  the 
advantages  of  smoother  running  and  more  reliable  operation  gained 
by  the  use  of  a  flywheel  in  addition  to  the  propeller  far  more  than 
offset  any  disadvantage  represented  by  its  weight.  It  will  be  noted 
that  the  Wright  motors  have  always  been  equipped  with  a  flywheel 
of  ample  size  and  weight  and  this  is  undoubtedly  responsible,  in  some 
measure  at  least,  for  the  fact  that  the  Wright  biplanes  fly  with  con- 
^iilerably  less  power  than  is  ordinarily  employed  for  machines  of 
the  same  size.  If  the  motor  selected  be  eqmpv^i  w'Co.  ^■a  wwoaNiifc^ 
heavy  Qywheei,  and  particularly  where  tke  -wYxeeWa  (A  gwk?w«l'«s« 
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small  diameter,  making  it  less  effective  as  a  balancer,  it  may  fw 
replaced  with  one  of  lighter  weight  and  larger  diameter.  It  muy  t« 
possible  to  attach  it  by  keying  to  the  forwai-d  end  of  the  crank  shaft, 
thus  leaving  the  flange  from  which  the  fij-whecl  was  taJcen  frw  for 
mounting  the  propeller.  An  ordinary  belt  pulley  will  serve  exorl- 
icntly  as  the  new  fly-wheel,  as  most  of  its  weight  is  centered  in  its  rim, 
hut  as  the  common  cast-iron  belt  pulley  of  commerce  is  seldom 
intended  to  run  at  any  such  speed  as  that  of  an  automobile  motor, 
it  sliould  be  examined  carefully  for  flaws.  Otherwise,  there  will  \te 
danger  of  its  bursting  with  disastrous  results  under  the  influence  (if 
centrifugal  force.  Its  diameter  should  not  exceed  115  inches  in  <inler 
to  keep  its  peripheral  speed  within  reasonable  limits.  Wlere  tbc 
mounting  of  the  motor  permits  of  its  use,  a  wood  pulley  IS  to  211 
inches  in  diameter  with  a  steel  band  about  J-  to  J-inch  thick,  shrunk 
on  its  periphery,  may  be  oniijloycd.  Most  builders  will  ridicule  the 
idea  of  a  flywheel  other  than  the  propeller  itself,  "You  do  not  need 
it;  so  why  carry  the  extra  weight?"  will  be  their  query.  It  b  not 
absolutely  necessary,  but  It  is  an  advantage. 

In  case  the  flywheel  of  the  engine  selected  is  keyed  to  the  crank 
shaft,  or  in  case  It  is  not  possible  to  mount  both  the  flywheel  and 
the  propeller  on  different  ends  of  the  crank  shaft,  some  other  expedient 
rather  than  that  of  bolting  to  the  flange  must  be  adopted.  In  such 
a  case,  the  original  flywheel,  where  practical  to  retain  it,  may  be 
drilled  and  tapped  and  the  propeller  attached  directly  to  it.  ^\^lere 
the  flywheel  can  not  be  kept,  it  will  usually  be  found  practical  to 
cut  off  its  rim  and  bolt  the  propeller  either  to  the  web  or  spokes,  or 
'.o  the  flywheel  hub,  if  it  be  cut  down  to  the  latter. 

The  drawing.  Fig.  21,  shows  the  rear  or  concave  side  of  the 
propeller.  From  the  viewpoint  of  a  man  standing  in  its  wind  and 
facing  forward,  it  turns  to  the  left,  or  anti-clockwise.  On  many  of 
the  propellers  now  on  the  market,  the  curved  edge  is  designed  to  go 
first.  This  type  may  have  greater  advantages  over  that  described, 
but  the  straight  front  edge  propeller  is  easier  for  the  amateur  to 
make. 

Mounting  the  Engine.  Having  completed  the  propeller,  the 
next  step  is  the  mounting  of  the  engine.  Reference  to  the  types 
available  to  Ihe  amtAeui  setov^ae  builder  has  already  been  made. 
There  are  a  numbet  at  moXxffa -cio^  an.'i^xBa:^M*.'&fflS.\aNfetM«i 
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designed  specially  for  this  purpose  iind  not  a  few  of  them  are  of  con- 
siderable merit.  Their  cost  ranges  from  about  §250  up  to  $2,500, 
but  it  may  be  possible  to  pick  up  a  comparati\'cly  light-weight 
automobile  motor  second  hand  which  will  serve  all  purposes  and 
which  will  cost  far  less  than  the  cheapest  aeronautic  motor  on  the 
market.  It  must  be  capable  of  developing  30  actual  horse-power 
at  1,000  to  1,200  r.  p.  m.  and  must  not  e.\ceed  400  pounds  complete 
with  all  accessories,  such  as  the  radiator  and  pipjug,  magneto,  water, 
oil,  etc.  Considerable  weight  may  be  saved  on  an  automobile  motor 
by  removing  the  exhaust  manifold  and  substituting  a  lighter  flywheel 
for  the  one  originally  on  the  engine — or  omitting  it  altogether,  k3 
just  mentioned.  A  light-weight  aeronautic  radiator  should  be  used 
in  preference  to  the  usual  automobile  radiator. 

When  placing  the  engine  in  position  on  the  ash  beams  forming 
its  lied  or  support,  it -must  be  borne  in  mind  that  the  complete 
machine,  with  the  operator  in  the  aviator's  seat,  is  designed  to 
balance  on  a  point  about  1^  feet  back  of  the  front  edge  of  the  main 

s.  As  the  operator  and  the  motor  represent  much  the  larger 
of  the  total  weight,  the  balance  may  easily  be  regulated  by 
moving  them  slightly  forward  or  backward,  as  may  be  required. 
It  will  be  necessary,  of  course,  to  place  the  engine  far  enough  back 
in  any  case  to  permit  the  ppcpeller  bUdes  to  clear  the  planes.  The 
actual  Installation  of  the  engine  itself  will  be  an  easy  matter  for  any- 
one who  has  had  any  experience  in  either  automobile  or  marine 
gasoline  motor  work.  It  is  designed  to  be  bolted  to  the  two  engine 
l";anis  in  the  same  manner  as  on  the  side  memliers  of  the  frame  of 
nil  automobile,  or  the  engine  bed  in  a  boat.  Just  in  front  of  the 
■  iigine  is  the  best  place  for  the  gasoline  tank,  which  sliould  be  cylin- 
drical with  tapering  ends,  to  cut  down  its  wind  resistance.  If  the 
designer  is  not  anxious  to  carry  out  points  s^  fine  as  this,  a  light 
copper  cylindrical  tank  may  be  purchased  from  stock.  It  should 
hold  at  least  ten  gallons  of  gasoline.  In  front  of  the  tank  is  the 
radiator. 

Controls.  The  controls  may  be  located  to  conform  to  the 
builder's  own  ideas  of  accessibility  and  convenience.  Usually  the 
s«  itch  is  placed  on  the  steering  column,  and  it  may  be  of  the  ordinary 
hnife  variety,  or  one  of  the  special  switches  maAe  lox  "Cms,  "^■«tV^^*^- 
as  taste  may  dictate.    The  throttle  control  aM  sparV  aANKM«-^a»3 
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rillier  be  jn  the  form  of  pedals,  working  against  springs,  or  of  s 
levers  working  on  a.  notched  sector,  at  the  side  of  the  scat, 
complete  control,  levers,  and  sector  may  be  purchased  ready  \ 
mount  whenever  desired,  aa  they  are  made  in  this  form  for  \ 
automobile  and  marine  work.     This  likewise  applies  to  the  wlied 
which  it  would  not  pay  the  amateur  to  attempt  to  make. 

Another  pedal  should  work  a  brake  on  tlie  front  wheel, 

I  brake  shoe  consisting  of  a  strip  of  sheet  steel,  fastened  at  one  e 

I  to  the  fore  part  of  the  skid  and  pressed  against  the  wheel  by  a  hamhi 

rod  directly  connected  with  the  brake  pedal.    An  emei^ncj'  bri 

can  also  be  made  by  loosely  bolting  a  stout  bar  of  steel  on  the  i 
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near  its  rear  end;  one  end  of  this  bar  la  connected  to  a  lever  near  11 
seat,  so  that  when  this  lever  is  pulled  back  the  other  end  of  the  II 
tends  to  dig  into  the  ground.  As  making  a  landing  is  one  of  the  d 
difficult  feats  for  the  amateur  aviator  to  master  and  sufficient  s 

^  for  a  long  run  after  alighting  is  not  always  available,  these  bra 
will  be  found  a  ver>'  important  feature  of  the  machine. 

If  no  self-starter  is  provided,  the  engine  is  started  by  swtd 

I  ing  the  propeller,  an  operation   re(|uiring   far   more   caution  tla 

cranking  an  aulniwfoV\e  mo^T.     With  lioth  hands  placed   "n  t 

i  same-  blade,    Fir.  11,  \w\\  iVc  Nvaxkt   \»-«^w.«^ 
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With  the  switch  oflf,  first  turn  the  propeller  over  several  times  to 
fill  the  cylinders  with  gas,  leaving  it  just  ahead  of  dead  center  of  one 
of  the  cylmders,  and  with  one  blade  extending  upward  and  to  the 
left  at  a  45-degree  angle.  After  closing  the  switch,  take  the  left 
blade  with  both  hands  and  swing  it  downward  sharply,  getting  out 
of  the  way  of  the  following  blade  as  quickly  as  possible. 

Tests.  The  first  thing  to  be  done  after  the  ptopeller  is  finished 
and  mounted  on  the  engine  is  to  test  the  combination,  or  power 
plant  of  the  biplane,  for  speed  and  thrust,  or  pulling  power.  From 
these  two  quantities  it  will  be  easy  to  figure  the  power  that  the 
engine  is  delivering.  The  only  instruments  necessary  are  a  spring 
balance  reading  to  300  pounds  or  over;  a  revolution  counter,  such  as 
may  be  procured  at  any  machinist's  supply  house  for  a  dollar  or  two; 
and  a  watch.  One  end  of  the  spring  balance  is  fastened  to  the  front 
end  of  the  skid  and  the  other  to  a  heavy  stake  firmly  driven  in  the 
ground  a  few  feet  back.  The  wheels  of  the  biplane  should  be  set  on 
smooth  boards  so  that  thev  will  not  offer  anv  resistance  to  the  for- 
ward  thrust.  When  the  engine  is  started  the  spring  balanc*e  will 
give  a  direct  reading  of  the  pull  of  the  pro{>eller. 

With  one  observer  noting  the  thrust,  another  should  check  the 
number  of  revolutions  the  engine  is  turning  per  minute.  To  do  this, 
a  small  hole  should  previously  have  been  countersunk  in  the  hub 
of  the  propeller  to  receive  the  conical  rubber  tip  of  the  revolution 
counter.  The  observer  stands  behind  the  propeller,  watch  in  one 
hand  and  revolution  counter  in  the  other.  At  the  beginning  of  the 
minute  period,  the  counter  is  pressed  firmly  against  the  hub,  and 
quickly  withdrawn  at  the  end  of  the  minute.  A  stop  watch  is 
naturally  an  advantage  for  the  purpose.  The  horse-power  is  figured  as 
follows,  assuming,  for  example,  a  thrust  of  250  i)ounds  at  1,200  r.  p.  m. 

250  X  1200  X  3.5  X  100     ^^  , 
=3/  h.  p. 

33.000  X  85 

As  before,  the  "W^"  allows  for  the  slip  and  represents  the 
eflBdency  of  the  propeller;  33,000  is  the  number  of  foot  pounds  per 
minute  or  the  equivalent  of  one  horse-power,  and  3.5  is  the  pitch  of 
the  propeller. 

Assembling  the  Biplane.    AssembVmg  lYve  ymicVwx^  e««\>;Jv^\fe 
requires  more  space  than  is  available  in  \\x^  ^Netvv^vi  ^vi\Sfw^^^ 
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However,  it  is  possible  to  assemble  the  sections  of  the  plar 
comparatively  small  room,  carrying  the  work  far  enough  to  make 
sure  that  everything  will  go  together  properly  when  the  time  comes 
for  complete  assembly  at  the  testing  ground.  .  In  tliis  case,  it  is 
preferable  to  assemble  the  end  sections  first,  standing  tliem  a»ay  , 
when  complete  to  make  room  for  the  central  section,  on  which  the 
running  gear  and  outriggers  are  to  be  built  up. 

The  builder  will  have  decided  by  tliis  time  whether  he  will 
make  his  machine  on  the  regular  plan,  with  one  main  rib  between 
each  section,  or  on  the  quick-detachable  plan,  which  has  two  main 
ribs  on  either  side  of  the  central  section,  as  previously  explained. 

It  is  desirable  to  be  able  to  assemble  two  sections  at  once  am! 
this  should  be  possible  anywhere  as  it  requires  a  space  only  about 
6  by  13  feet.  Two  wood  2X4's,  about  12  feet  long,  should  be  nailed 
down  on  the  blocks  on  tlic  floor;  make  these  level  and  parallel  to 
each  other  at  a  distance  of  3  feet  6  inches  on  centers,  one  being  3 
inches  higher  than  the  other.  Strips  of  wood  should  be  nailed  on 
them,  so  as  to  hold  the  main  beams  of  the  frame  in  place  while  assem- 
bling. 

The  two  front  and  two  rear  beam  sections  are  laid  in  place  and 
joined  with  the  sheet-steel  sleeves,  the  flanges  of  the  sleeves  on  the 
inner  side  of  the  beams.  Then  through  the  sleeves  in  the  front 
beams,  which  are,  of  course,  those  on  the  higher  bed,  drill  the  holes 
for  the  strut  socket  bolts  (J  inch).  The  holes  for  the  outer  ones  go 
through  the  projecting  ends  of  the  beams;  those  for  the  inner  ones 
are  half  in  each  of  the  two  abutting  beams.  At  the  end  where  the 
central  section  joins  on,  a  short  length  of  wood  of  the  same  sectioB 
may  be  inserted  in  the  sleeve  while  drilling  the  hole.  An  assistant 
should  hold  the  beams  firmly  together  while  the  holes  are  being 
drilled. 

Now  lay  in  place  the  three  main  ribs  belonging  to  the  two  sec- 
tions under  construction  and  fasten  them  at  the  front  ends  by  putting 
in  place  the  strut  sockets  for  which  the  holes  have  been  drilled,  with 
a  tumbuckle  plate  under  each  socket,  Fig.  16.  The  strut  socket 
bolt-passes  through  the  main  rib  and  the  beam.  The  bed  on  which 
the  assembling  is  being  done,  should  be  cut  when  sufficiently  imder 
the  joints  to  leave  room  for  the  projecting  bolt  ends.  Set  the  ribs 
square  with  the  troiA  \«»ma.  'CoeB.  amH^^e^  ■&&  -«aa  \«ana  «» that 
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their  joints  come  exactly  under  the  ribs;  clamp  the  ribs  down  and 
drill  a  true,  vertical  hole  through  the  rib  beam,  holding  the  two 
sections  of  the  beam  together  as  before.  Then  put  the  rear  strut 
sockets  in  place,  using  the  angle  washers  previously  described,  above 
and  below  the  rib. 

\V'hen  the  quick-detachable  plan  is  followed,  the  ribs  at  the 
inner  ends  of  the  double  section,  where  they  join  the  central  section, 
should  be  bolted  on  an  inch  from  the  ends  of  the  beam,  using  J-inch 
stove  bolts  instead  of  the  socket  bolts.  The  sleeves  should  be  slotted, 
so  that  they  can  slide  oft  without  removing  these  bolts,  as  the  sleeves 
and  ribs  which  occupy  the  position  over  the  joints  of  the  beams, 
belong  to  the  central  section. 

The  sections  should  now  be  strung  up  with  the  diagonal  truss 
wires  which  will  make  them  rigid  enough  to  stand  handling.  The 
wires  are  attached  at  each  end  to  the  flange  bolts  of  the  sleeves. 
Either  one  or  two  turnbuckles  may  be  used  on  each  wire,  as  already 
explained;  if  but  one  turnbuckle  be.used,  the  other  end  of  the  wire 
may  be  conveniently  attached  to  a  s.trip  of  sheet  steel  bent  double 
and  drilled  for  the  bolt,  like  the  sheet-ateel  slip  of  a  turnbuckle. 
The  attachment,  of  whatever  nature,  should  be  put  between  the 
end  and  the  flange  of  the  sleeve,  not  between  the  two  flanges. 

Three  or  four  ribs  can  be  used  on  each  section;  four  are  pref- 
erable on  sections  of  full  6-foot  length.  They  are,  of  course,  evenly 
spaced  on  centers.  At  the  front  ends,  they  are  attached  to  the  beam 
by  wood  screws  through  their  flattened  ferrules.  The  attachment  to 
the  rear  beam  is  made  with  a  slip  of  sheet  steel  measuring  i  by  3 
inches,  bent  over  the  rib  and  fastened  to  the  beam  at  each  side  with 
a  wood  screw.  A  long  wire  nail  is  driven  through  the  rib  itself  on 
the  beam. 

Four  double  sections  should  be  built  up  in  this  manner,  the 
right  and  left  upper  and  the  right  and  left  lower  sections.  Uppers 
and  lowers  are  alike  except  for  the  inversion  of  the  sockets  in  the 
upper  sections.  Rights  and  lefts  differ  in  that  the  outer  beams  are 
long  enough  to  fill  up  the  sleeves,  not  leaving  room  for  another  beam 
to  join  on. 

Inserting  the  struts  in  their  sockets  between  the  upper  and  lower 
sections  of  the  same  side  will  now  form  either  ot  iW  Vro  sAiea.  ^  •iwe. 
machine  complete.    Care  should  be  taken  to  gEX  Viia  wax  *x>i*^  "^i*^ 
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proper  length  witli  respect  to  the  front  ones  to  bring  the  upper  aad  | 
lower  planes  parallel.  Tlic  distance  from  the  top  of  the  lower  from 
beam  to  the  top  of  the  upper  front  beam  should  be  the  same  as  the 
distance  between  the  rows  iif  bracing  holes  in  the  upper  and  lower 
main  ribs  just  above  and  below  the  rear  struts — about  4  feet  6  inchrs. 
It  should  hardly  be  necessary  to  mention  that  the  thick  edges  of  tlit 
struts  come  to  the  front— they  are  flsh-shapcd  and  a  fish  is  thickw 
at  the  head  than  at  the  tail. 

The  tniss  wires  may  now  be  strung  nu  in  each  .square  of  the 
struts,  Iwams,  and  main  ribs,  using  turnbuckles  as  previously 
described.  The  wires  should  be  taut  enough  to  sing  a  low  note  when 
plucked  between  the  thumb  and  forefinger.  If  the  construction  is 
carried  out  properly,  the  framework  will  stand  square  and  true 
■with  an  even  tension  on  all  the  wires.  It  is  permissible  for  the 
struts  to  slant  backward  a.  little  as  seen  from  the  side,  but  all  shimlil 
be  perfectly  in  line. 

For  adjusting  the  turnbuckles,  the  builder  should  make  for 
himself  a  handj'  little  tool  usually  termed  a  nipple  wrench.  It  is 
simply  a  strip  of  steel  IJ  by  J  by  A  inches,  with  a  notch  cut  in  the 
middle  of  the  long  sides  to  fit  the  Battened  ends  of  the  turnbudle 
nippies.  This  is  much  handier  than  the  pliers  and  does  not  burr  up 
the   nipples. 

It  has  been  assumed  in  this  description  of  the  assembling  thit 
the  builder  is  working  in  a  limited  space;  if,  on  the  contrary,  he  has 
room  enough  to  set  up  the  whole  frame  at  once,  the  work  will  be 
much  simpler.  In  this  case,  the  construction  bed  should  be  30  feet 
long.  First  build  up  the  upper  plane  complete,  standing  it  against 
the  wall  when  finished;  then  build  the  lower  plane,  put  tlje  struts 
in  their  sockets,  and  lay  on  the  upper  plane  complete. 

Returning  to  the  plan  of  assembly  by  sections,  after  the  ade 
sections  or  wings  of  the  machine  have  been  completed,  the  struts 
may  be  taken  out  and  the  sections  laid  aside.  The  middle  section, 
to  which  the  running  gear  and  outriggers  will  be  attached,  is  now  to 
be  built  up  in  the  same  way.  If  the  builder  is  follon'ing  the  plan 
in  which  there  is  one  main  rib  between  each  section,  it  will  be  nec«s- 
sary  to  take  off  the  four  inner  mum  ribs  from  the  sections  already 
completed,  to  be  useA.  &1  ^Ihe  ends  of  the  central  section.  The  plan 
drawing  of  tiie  comp\«A.e  maiStanft  ^&sm%  "^aX  ■&!&  T&a  A  •&&  cesitnl 
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section  are  cut  oflf  just  back  of  the  rear  beam  to  make  room  for  the 
propeller.  This  is  necessary  in  order  to  set  the  motor  far  enough 
forward  to  balance  the  machine  properly.  The  small  ribs  in  this 
section  have  the  same  curve  but  are  cut  off  10  inches  shorter  at  their 
rear  ends,  and  the  stumps  are  smoothed  down  for  ferrules  like  those 
for  the  other  small  ribs.  In  the  plan  which  has  one  main  rib  between 
each  section,  the  main  rib  on  each  side  of  the  central  section  must 
be  left  full  length.  In  the  quick-detachable  plan  with  two  main 
ribs  on  each  side  of  the  central  section,  the  inner  ones,  which  really 
belong  to  this  section,  are  cut  off  short  like  the  small  ribs. 

In  the  drawing  of  the  complete  machine,  the  distance  between 
the  struts  which  carry  the  engine  bed  is  shown  as  2  feet.  This  is 
only  approximate,  as  the  distance  must  be  varied  to  suit  the  motor 
employed.  By  this  time,  the  builder  will  have  decided  what  engine 
he  is  going  to  use — or  can  get — and  should  drill  the  holes  for  the 
sockets  of  these  struts  with  due  respect  to  the  width  of  the  engine's 
supporting  feet  or  lugs,  remembering  that  the  engine  bed  beams  go 
on  the  inside  of  the  struts.  In  the  drawing  of  the  running  gear.  Fig. 
17,  the  distance  between  the  engine-bed  struts  has  been  designated 
A.  The  distances,  2?,  on  each  side  are,  of  course,  approximately 
(6'— 2^),  whatever  A  may  be. 
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BUILDING  A  BLERIOT  MONOPUNE 


As  mentioned  in  connection  with  the  description  of  its  con- 
struction, the  Cuitiss  biplane  was  selpcted  as  a  standard  of  this  type 
of  aeroplane  after  which  the  student  could  safely  pattern  for  a  number 
of  reasons.  It  is  not  only  remarkably  simple  in  construction,  easily 
built  by  anyone  witli  moderate  facilities  and  at  a  slight  outlay,  but 
it  is  likewise  the  easiest  macliiue  to  learn  to  drive.  Tlie  monoplane  is 
far  more  difficult  and  expensiDe  to  build. 

The  Bleriot  may  be  regarded  as  tlie  most  typical  example  in  this  ■ 
field,  in  view  of  its  great  success  and  the  verj'  large  nimibers  which 
have  been  turne<l  out.  In  fact,  the  Bleriot  monoplane  is  the  product 
of  u  factory  which  would  compare  favorably  with  some  of  the  large 
automobile  plants.  Its  construction  requires  skillful  workmanship 
both  in  wood  and  metal,  and  a  great  many  special  castings,  forgings. 
and  stampings  are  necessary.  Although  some  concerns  in  this 
country  advertise  that  they  carry  these  fittings  as  stoch  parts,  they 
are  not  always  correct  in  design  and,  in  any  case,  are  expensive. 
Wherever  it  is  possible  to  avoid  the  use  of  such  parts  by  any  expedient, 
imth  forms  of  construction  are  described,  so  that  the  builder  may 
take  his  choice. 

Bleriot  monoplanes  are  made  in  a  number  of  different  models, 
the  principal  ones  being  the  .30-horse-power  "runabout,"  Figs.  23 
and  24.  the  50-  and  70-horse-power  passenger-carrjing  machines, 
and  tJie  50-,  70-,  and  100-horse-power  racing  machines.  Of  these  the 
first  has  been  chosen  as  best  adapted  to  the  purpose.  Its  construction 
is  tj^pical  of  the  higher-power  monoplanes  of  the  same  make,  and  it 
more  suitable  for  the  beginner  to  fly  as  well  as  to  build.  It  is 
ployed  exclusively  by  the  Bleriot  schools. 

Motor.    The  motor  regularly  employed  is  the  30-horse-power , 
linder    .\nz3ni,    but    any    smaW    raotoT    o\   'One  xeo^'j^ 


'  tM,tf«  **-¥»*Vl  ^oA*. 


h.p.  wilt  be  satisfactory.  From  the  amateur's  staadpoiot,  a 
disadvantage  of  the  Bleriot  is  the  very  short  space  allowetl  for  tiw 
installation  of  the  motor.  For  this  reason,  the  power  plant  must  he 
fan  shaped,  like  the  Anzani;  star  form,  like  the  Gnome;  or  of  id; 
two-cylinder  opposed  type.  It  must  likewise  be  air-cooled,  as  there 
is  no  space  available  for  a  radiator. 

Fuselage.  Like  mo^t  monoplanes,  the  Bleriot  has  a  long  centra} 
body,  usually  termed  "fuselage,"  to  which  the  wings,  running  gear, 
and  controls  are  all  attached.  A  drawing  of  the  fuselage  witJi  all 
dimensions  is  reproduced  in  Fig,  25,  and  as  the  machine  is,  to  a  larfr 
extent,  built  up  around  this  essential.  Its  construction  is  taken  u|i 
first.  It  consists  of  four  long  beams  united  by  35  crosspieces.  Thr 
beams  are  of  ash,  lA  inches  square  for  the  first  third  of  their  length 


Fig,  26.     DetBltn  oF  U-bolt  Which  Is  *  Feature  cd  Blei 


and  tapeiing  to  J  inch  square  at  the  rear  ends.  Owing  to  the  diffi- 
culty of  securing  good  pieces  of  wood  the  full  length,  and  also  to 
facilitate  packing  for  shipment,  the  beams  are  made  in  halves,  the 
abutting  ends  being  Joined  by  sleeves  of  IJ-inch,  20-gauge  steel 
tubing,  each  held  on  by  two  j-inch  bolts.  Although  the  length  oi 
the  fuselage  is  21  feet  11}  inches,  the  beams  must  be  made  of  two 
11-foot  halves  to  allow  for  the  curve  at  the  rear  ends. 

The  struts  are  also  of  ash,  the  majority  of  them  being  J  by  \\ 
inches,  and  oval  in  section  except  fur  an  inch  and  a  half  at  each  end. 
But  the  first,  second,  and  third  struts  (counting  from  the  forward 
end)  oa  each  s\4e ,  tW  ¥iT?,t  m\?i  ?kco^A  oa  "^aa  ^B^ ,  wA  ^JMt  first  strut 


5  the  bottom  are  I A  inches  square,  of  the  same  stock  as  the  main 
heams.  Practically  all  of  the  struts  are  jtiined  to  the  main  beams 
by  u-bolts,  as  sliown  by  the  detail  drawing,  Fig.  2C,  this  being  one 
of  Louis  Bleriot's  inventions.  The  small  struts  are  licld  by  J-ineh 
bolts  and  the  larger  ones  by  A-int-h  bolts.  The  ends  of  the  struts 
must  be  slotted  for  these  bolts,  this  being  done  by  drilling  three  holes 
in  a  row  with  b  A-  or  A-inch  drill,  according  to  whether  the  slot  is 
for  the  smaller  or  larger  size  bolt.  The  wood  between  the  holes  is 
cut  out  with  a  sharp  kjiife  and  the  slot  finished  with  a  coarse,  flat  file. 

All  of  the  u-bolts  measure  2  inches  between  the  ends.  The 
vertical  stmts  are  set  I  inch  forward  of  the  corresponding  horizontal 
struts,  so  that  the  four  holes  through  the  beam  at  each  joint  are 
spaced  1  inch  apart,  alternately  horizontal  and  v*ertical.  To  the 
projecting  angles  of  the  u-bolts  are  attached  the  diagonal  truss  wires, 
which  cross  all  the  rectangles  of  the  fuselage,  except  that  in  which  the 
driver  sits.  This  trussing  should  be  of  20-gauge  piano  wire  (music- 
wire  gauge)  or  iS-inch  cable,  except  in  the  rectangles  bounded  by 
the  large  struts,  where  it  should  be  25-gauge  piano  wire  or  A-inch 
cable.  Each  wire,  of  course,  should  have  a  turnbuckle.  About  100 
of  these  will  be  required,  either  of  the  spoke  type  or  the  regular  type, 
with  two  screw  eyes — the  latter  preferred. 

Transverse  squares,  formed  by  the  two  horizontal  and  two 
vertical  .-itruts  at  each  point,  are  also  trussed  with  diagonal  wires. 
Although  tumbuckles  are  sometimes  omitted 'on  these  wires,  it  takes 
considerable  skill  to  get  accurate  adjustments  without  them.  Tlie 
extreme  rear  strut  to  which  the  rudder  is  attached,  is  not  fastened  in 
the  usual  way.  It- should  be  cut  with  tongues  at  top  and  bottom, 
fitting  into  notches  in  the  ends  of  the  beams,  and  the  whole  bound 
with  straps  of  20-gauge  sheet  steel,  bolted  through  the  beams  with 
|-inch  bolts. 

Continuing  forward,  the  stmts  have  no  peculiarity  until  the 
upper  horizontal  one  is  reached,  just  behind  the  driver's  seat.  As  it 
is  impossible  to  truss  the  quadrangle  forward  of  this  strut,  owing  to 
the  position  of  the  drivers  bod_y,  the  strut  is  braced  with  a  u-shaped 
half-riiund  strip  of  ^  by  I  inch  of  ash  or  hickory  bolted  to  the  beams 
at  the  sides  and  to  the  strut  at  the  rear,  with  two  J-inch  bolts  at  each 
point,  The  front  side  of  the  strut  should  be  left  scviok.  «^i.*^■^:'i '<!»9> 
brace  is  in  contact  with  it.     The  brace  shou\4V>e  5\Je^ft.■«^\le^^.'«■'^^'^*■ 
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curves  on  a  fMnch  radius,  and  the  half-round  side  on  the  in.side  of 
the  curve. 

TTie  vwtical  struts  just  forward  of  the  driver's  seat  cany  the  j 
initer  ends  of  the  rear  wing  beams.  Each  beam  is  attached  with  a  | 
single  bolt,  pvung  the  necessarj'  freedom  to  rock  up  and  doim  Ja 
warping  the  wings.  Tlie  upper  fi  inches  of  each  of  these  struts  fits 
into  a  socket  designed  to  reinforce  it.  In  the  genuine  Bleriot,  this 
sodtet  is  an  alliminmn  casting.  However,  n  soclvet  which  many  would 
r^ard  as  even  better  can  be  made  from  a  7-iafii  length  ctf  20-gaiige 
I  i-incb  square  tubing.  One  end  of  the  tube  is  sawed  one  inch  tfanu^ 
the  comeis;  two  c^posite  sides  ate  then  bent  down  at  ri|^t  aa^to 
fonn  flanges,  and  the  other  two  ades  sawed  off.  A 1-  by  S-int^  str9 
of  20-gauge  sheet  steel,  brazed  across  the  top  and  flanges  comi^eta 
the  sbdcet.  With  a  little  care,  a  very  creditable  socket  can  be  nude 
in  this  way.  Finally,  with  the  strut  in  place,  a  f-inch  hole  is  drilled 
through  4  inches  from  the  top  of  the  socket  for  the  bolt  securing  the 
wing  beam. 

The  upper  horizontal  strut  at  this  point  should  be  arched  about 
six  inches  to  give  plenty  of  elbow  room  over  the  steering  wheel. 
The  bending  should  be  done  in  a  steam  press.  The  stmt  should  be 
lA  inches  square,  cut  sufficiently  long  to  allow  for  the  curve,  and 
fitted  at  the  ends  with  sockets  as  described  above,  but  set  at  an  angle 
by  sawing  the  square  tube  down  further  on  one  side  than  on  the  other. 

On  the  two  lower  beams,  is  laid  a  floor  of  half-inch  boards, 
extending  one  foot  forward  and  one  foot  back  of  the  center  line  of  the 
horizontal  strut.  This  floor  may  be  of  spruce,  if  it  is  desired  to  save 
a  little  weight,  or  of  ordinary  tongue-and-grooved  floor  boards, 
fastened  to  the  beams  with  wood  screws  or  bolts.  The  horizontal 
strut  under  this  floor  may  be  omitted,  but  its  presence  adds  but  little 
weight  and  completes  the  trussing.  Across  the  top  of  the  fuselage 
above  the  first  upper  horizontal  strut,  lies  a  steel  tube  which  forms 
the  sockets  for  the  inner  end  of  the  front  wing  beams.  This  tube  is 
1 J  inches  diameter,  18  gauge,  and  261  inches  long.  It  is  held  fast  by 
two  steel  straps,  16  gauge  and  1  inch  wide,  clamped  down  by  the  nuts 
of  the  vertical  strut  o-bolts.  The  center  oithe  tube  is,  therefore,  in 
line  with  the  center  of  the  vertical  struts,  not  the  horizontal  ones. 
The  u-bolta  "W^uct  make  tWs  attachment  are,  ot  course,  the  A-indi 
size,  and  one  \tic\v  \oti?SS  oa  e«^  «A  "Sfiaa.  m»m&.   "XLt^  -osJta  a  neat 
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job,  the  tube  may  be  seated  in  wood  blocks,  suitably  shaped,  but 
these  must  not  raise  it  more  than  a  small  fraction  of  an  inch  above 
the  top  of  the  fuselage,  as  this  would  increase  the  angle  of  incidence 
of  the  wings. 

The  first  vertical  struts  on  each  side  are  extras,  without  cor- 
responding horizontal  ones;  they  serve  only  to  support  the  engine. 
When  the  Gnome  motor  is  used,  its  central  shaft  is  carried  at  the 
centers  of  two  x-shaped,  pressed-steel  frames,  one  on  the  front  side, 
flush  with  the  end  of  the  fuselage  and  one  on  the  rear. 

Truss  Frame  Built  on  Fuselage.  In  connection  with  the  fuselage 
may  be  considered  the  overhead  truss  frame  and  the  warping  frame. 
The  former  consists  of  two  inverted  v's  of  20-gauge,  1-  by  f-inch  oval 
tubing,  joined  at  their  apexes  by  a  20-gauge,  f-inch  tube.  Each  V 
is  formed  of  a  single  piece  of  the  oval  tubing  about  5  feet  long.  The 
flattened  ends  of  the  horizontal  tube  are  fastened  by  a  bolt  in  the 
angles  of  the  v's.  The  center  of  the  horizontal  tube  should  be  2  feet 
above  the  top  of  the  fuselage.  The  flattened  lower  ends  of  the  rear  V 
should  be  riveted  and  brazed  to  strips  of  18-gauge  steel,  which  will 
fit  over  the  bolts  attaching  the  vertical  fuselage  struts  at  this  point. 
The  legs  of  the  front  V  should  be  slightly  shorter,  as  they  rest  on  top 
of  the  wing  socket  tube.  Each  should  be  held  down  by  a  single 
A-inch  bolt,  passing  through  the  upper  wall  of  the  tube  and  its 
retaining  strap;  these  bolts  also  serve  the  purpose  of  preventing  the 
tube  from  sliding  out  from  under  the  strap.  Each  side  of  the  frame 
is  now  braced  by  diagonal  wires  (No.  20  piano  wire,  or  iV-inch  cable) 
with  tumbuckles. 

At  the  upper  corners  of  this  frame  are  attached  the  wires  which 
truss  the  upper  sides  of  the  wings.  The  front  wires  are  simply 
fastened  under  the  head  and  nut  of  the  bolt  which  holds  the  frame 
together- at  this  corner.  The  attachment  of  the  rear  wares,  however, 
is  more  complex,  as  these  wires  must  run  over  pulleys  to  allow  for 
the  rocking  of  the  rear  wing  beams  when  the  wings  are  warped.  To 
provide  a  suitable  place  for  the  pulleys,  the  angle  of  the  rear  V  is 
enclosed  by  two  plates  of  20-gauge  sheet  steel,  one  on  the  front  and 
one  on  the  rear,  forming  a  triangular  box  1  inch  thick  fore  and  aft, 
and  about  2  inches  on  each  side,  only  the  bottom  side  being  open. 
These  plates  are  clamped  together  by  a  A-inch  steel  bolt,  on  which 
are  mounted  the  puiJeys.    There  should  be  ^\3S!cidew\.  ^^»2K»ssL^5fc  \sst 
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pulleys  1  inch  in  diameter.  The  wires  running  over  these  pullej-s 
must  then  pass  through  holes  drilled  in  the  tube.  The  holes  should 
not  be  drilled  until  the  wings  are  on,  when  the  proper  angle  for  them 
can  be  seen.  The  cutting  and  bending  of  the  steel  plates  is  a  matter 
of  some  difficulty,  and  should  not  be  done  until  the  frame  is  otherwise 
assembled,  so  that  paper  patterns  can  be  cut  for  them.  They  should 
have  flanges  bent  around  the  tube,  secured  by  the  bolts  which  hold 
the  frame  together,  to  keep  them  from  slipping  off. 

The  oval  tubing  is  used  in  the  vertical  parts  of  this  frame, 
principally  to  reduce  the  wind  resistance,  binng  placed  with  the 
narrow  side  to  the  front.  However,  if  this  tubing  be  difficult  to 
obtain,  or  if  price  is  a  consideration,  no  harm  will  l)e  done  by 
using  J-inch  round  tubing.  Beneath  the  floor  of  the  driver's  cockpit 
in  the  fusi*lage  is  the  warping  frame,  the  support  for  the  wires  which 
truss  the  rear  wing  l>cams  and  also  control  the  wari)ing. 

Tliis  fraiiH*  is  hnilt  up  of  four  J-incli,  2()-gaug('  steel  tubes,  oadi 
about  3  feet  loiij^,  forming  an  inverted,  4-si(le(l  ])yranii(l.  The  front 
and  back  ])airs  of  tubes  are  fastened  to  the  lower  fnselag(*  beams  with 
A-ineh  bolts  at  ])oints  if)  inches  front  and  back  of  the  lioriziniiJ 
strut.  At  their  lower  ends  the  tubes  are  joined  by  a  fixture  \\\\h\\ 
carries  the  pulleys  for  the  wari)ing  wires  and  t\w  lever  by  which  tin' 
I)ulleys  an*  turned.  In  the  ^jenuine  Hleriot,  this  fixture  is  a  special 
castinjjj.  However,  a  very  neat  connection  can  be  made  with  a  |)iciv 
of  ,^o-iii<^'h  -iteel  stock,  IJ  by  (i  inches,  bent  into  a  U-shape  with  tin* 
le^s  1  inch  a])art  inside.  The  flattened  ends  of  the  tubes  are  rivctnl 
and  bra/ctl  to  the  ontsidc  n])per  corners  of  the  u,  and  a  bolt  to  carry 
the  pulleys  passes  thr')nj;h  the  lower  part,  high  enouj^h  to  ^ive  clear- 
ance for  2-iiich  ])ulleys.     This  frame  needs  no  diagonal  wires. 

Running  dear.  Passing;  now  to  the  running  gear,  thebnildrr 
will  encounter  the  most  difficult  ])art  of  th<:  entin*  machine,  and  it  i-^ 
impossible  to  avoid  the  nst*  of  a  few  special  castings.  Th(»  gtMicnil 
|)lan  of  the  running  gear  is  shown  in  the  drawing  of  thcM-omplctf 
machine.  Figs.  2i)  and  iM,  while  some  of  the  details  are  illustratcii 
in  Kig.  27,  and  the  remainder  are  given  in  the  detail  sheet,  Ki*;.  J"^ 
It  will  be  seen  that  each  of  the  two  wheels  is  carried  in  a  double  fork, 
the  lower  fork  acting  sim])ly  as  a  radius  rod,  while  the  upjHT  fork  i> 
attached  to  iv  slide  which  is  free  to  move  up  and  down  on  a  2-iiuh 
steel  tube.    T\\\s  ^Yu\t^  X^WXvK  <\v>\\\\Vn  v^v\ Xvw^wnw  ^^jtcw^^ consisting 
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if  either  rubber  tubes  or  steel  coil  springs,  which  absorb  the  shocks 
af  landing.  The  whole  construction  is  such  that  the  wheels  are  free 
.o  pivot  sideways  around  the  tubes,  so  that  when  landing  in  a  quarter- 
ng  wind  the  wheels  automatically  adjust  themselves  to  the  direction 
)f  the  machine. 

Frametcork.  The  main  frwnework  of  the  running  gear  consists 
)f  two  horizontal  beams,  two  vertical  struts,  and  two  vertical  tubes, 
rhe  beams  are  of  ash,  4J  inches  wide  in  the  middle  half,  tapering  to 
J}  inches  at  the  ends,  and  5  feet  2f  inches  long  overall.  The  upper 
beam  is  H  inch  thick  and  the  lower  1  inch.  The  edges  of  the  beams 
Eire  rounded  off  except  at  the  points  where  they  are  drilled  for  bolt 
holes  for  the  attachment  of  other  parts.  The  two  upper  beams  of 
the  fuselage  rest  on  these  beams  and  are  secured  to  them  by  two 
^inch  bolts  each. 

The  vertical  struts  are  also  of  ash,  lA  inch  by  3  inches  and 
i  feet  2  inches  long  overall.  They  have  tenons  at  each  end  which  fit 
into  corresponding  square  holes  in  the  horizontal  beams.  The  two 
lower  fuselage  beams  are  fastened  to  these  struts  by  two  A-lnch 
through  bolts  and  steel  angle  plates  formed  from  A-'nch  sheet  steel. 
The  channel  section  member  across  the  front  sides  of  these  struts  is 
for  the  attachment  of  the  motor,  and  will  be  taken  up  later.  The 
^neral  arrangement  at  this  point  depends  largely  on  what  motor  is 
to  be  used,  and  the  struts  should  not  be  rounded  or  drilled  for  bolt 
holes  until  this  has  been  decided. 

From  the  lower  ends  of  these  struts  CC,  Fig.  27,  diagonal  struts 
DD  run  back  to  the  fuselage.  These  are  of  ash,  lA  by  2J  inches 
and  2  feet  6  inches  long.  The  rear  ends  of  the  struts  DD  are  fastened 
to  the  fuselage  beams  by  the  projecting  ends  of  the  U-bolts  of  the 
horizontal  fuselage  struts,  and  also  by  angle  plates  of  sheet  steel. 
At  the  lower  front  ends  the  stmts  DD  are  fastened  to  the  struts  CC 
and  the  beam  E  by  steel  angle  plates,  and  the  beam  is  reinforced  by 
other  plates  on  its  under  side. 

Trussing.  In  the  genuine  Bleriot,  the  framework  is  trussed  by 
a  single  length  of  steel  tape,  IJ  by  ^  inch  and  about  11  feet  long, 
fastened  to  U-bolts  in  the  beam  A,  Fig.  27.  This  tape  runs  down 
one  side,  under  the  beam  E,  and  up  the  other  side,  passing  through 
the  beam  in  two  places,  where  suitable  slots  must  be  oA.  T\»\a^R. 
b  not  made  in  this  country ,  but  must  be  \mpoTteA.  aX.  co'o»^«*'^'^** 
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escpense.  Ordinary  sheet  steel  will  not  do.  If  the  tape  can  "iwt  be 
obtained,  a  good  substitute  is  f-inch  cable,  vdiich  then  would  be  made 
in  two  pieces  and  fastened  to  eye  bolts  at  each  end. 

The  two  steel  tubes  are  2  inches  in  diameter,  IS-gauge,  and  about 
4  feet  10  inches  long.  At  their  lower  ends  they  are  flattened,  but 
cut  away  so  that  &  2-inch  ring  will  pass  over  than.  To  these  flat- 
tened ends  are  attached  springs  and  wires  which  run  from  each  tube 
across  to  the  hub  of  the  opposite  wheel.  Tlie  purpose  of  these  is 
amply  to  keep  the  wheeb  normally  in  podtion  behind  the  tubes. 
The  tubes,  it  will  be  noticed,  pass  through  the  lower  beam,  but  are 
sunk  only  }  inch  into  the  upper  beam.  They  are  held  in  place  by 
sheet-steel  sockets  on  the  lower  side  of  the  upper  beam  and  the  upper 
side  of  the  lower:  beam.  The  other  sides  of  the  beams  are  provided 
with  flat  plates  of  sheet  steel.  The  genuine  Bleriot  has  these  sockets 
stam^>ed  out  of  sheet  steel,  but  as  the  amateur  builder  will  not  have 
the  facilities  for  doing  this,  an  alternative  construction  is  given  here. 

In  this  method,  the  plates  are  cut  out  to  pattern,  the  material 
being  sheet  stqpl  A  inch  thick,  and  a  ^-inch  hole  drilled  through  the 
center,  a  2-inch  circle  then  being  drawn  around  this.  Then,  with  a 
cold  chisel  a  half  dozen  radial  cuts  are  made  between  the  hole  and 
the  circle.  Finally  this  part  of  the  plate  is  heated  with  a  blow-torch 
and  a  2-inch  piece  of  pipe  driven  through,  bending  up  the  triangular 
comers.  These  bent  up  comers  are  then  brazed  to  the  tubes,  and  a 
strip  of  light  sheet  steel  is  brazed  on  to  cover  up  the  sharp  edges. 
Of  course,  the  brazing  should  not  be  done  until  the  slides  GG,  Figs. 
27  and  28,  have  been  put  on.  WTien  these  are  once  in  place,  they 
have  to  stay  on  and  a  breakage  of  one  of  them,  means  the  replace- 
ment of  the  tube  as  well.  This  is  a  fault  of  the  Bleriot  design  that 
can  not  well  be  avoided.  It  should  be  noticed  that  the  socket  at  the 
upper  end,  as  well  as  its  corresponding  plate  on  the  other  side  of  the 
beam,  has  extensions  which  reinforce  the  beam  where  the  eye  bolts 
or  U-bolts  for  the  attachment  of  the  steel  tape  pass  through. 

Forks.  Next  in  order  are  the  forks  which  carry  the  wheels. 
The  short  forks  J  J,  Figs.  27  and  28,  which  act  simply  as  radius 
.  rods,  are  made  of  1-  by  |-inch  oval  tubing,  a  stock  size  which  was 
specified  for  the  overhead  truss  frame.  It  will  be  noticed  that  these 
are  in  two  parts,  iaateived  toother  with  a  bolt  at  the  front  end. 
The  regular  Bleriot  cotvalmo^viw  caSe^  \^t  \w^  '^yaSt  ^^i®.  tA  ^  in 
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lie  ends  of  tul>es,  but  these  will  be  hard  to  obtain.  The  construction 
shown  in  the  drawings  is  much  simpler.  The  ends  of  the  tubes  are 
heated  and  flattened  until  the  walls  are  about  ^  inch  apart  inside. 
Then  a  strip  of  iV-inch  sheet  steel  is  cut  the  right  width  to  fit  in  the 
flattened  end  of  the  tube,  and  brazed  in  place.  The  bolt  holes  then 
pass  through  the  combined  thickness  of  the  tube  and  the  steel  strip, 
giving  a  better  bearing  surface,  which  may  be  further  increased  by 
brazing  on  a  washer. 

The  long  forks  FF,  which  transmit  the  landing  shocks  to  the 
springs,  are  naturally  made  of  heavier  material.  The  proper  aze 
tubing  for  them  is  IJ  bj'  |  inches,  this  being  the  nearest  equivalent 
to  the  14  by  28  mm  French  tubing.  However,  this  is  not  a  stock 
size  in  this  country  and  can  only  be  procured  by  order,  or  it  can 
be  made  by  rolling  out  fj-inch  round  tuViing.  If  the  oval  tubing 
can  not  be  secured,  the  roimd  can  be  employed  instead,  other  porta 
being  modified  to  correspond.  The  ends  are  reinforced  in  the  same 
way  as  described  for  the  small  forks. 

Tliese  forks  are  strengthenetl  by  aluminum  clamps  //,  Figs.  27 
and  28,  wliich  keep  the  tubes  from  sjireading  apart.  Here,  of 
course,  is  another  call  for  special  castings,  but  a  handy  workman 
may  be  able  to  improvise  a  satisfactory  substitute  from  sheet  steel. 
On  each  tube  there  are  four  fittings:  At  the  bottom,  the  collar  M 
to  which  the  fork  J  is  attached,  and  above,  the  slide  G  and  the  damps 
A'  and  L.  which  limit  its  movement.  The  collar  and  slide  should  be 
forged,  but  as  this  may  be  impossible,  the  drawings  have  been  pro- 
portioned for  castings-  The  work  is  simple  and  may  be  done  by  the 
amateur  with  little  experience.  The  projecting  studa  are  pieces  of 
f-inch,  14-gaugp  steel  tubing  screwed  in  right  and  pinned,  though  if 
these  parts  be  forged,  the  studs  should  be  integral. 

The  clamps  which  limit  the  movement  iif  the  slides  are  to  be 
whittled  out  of  aah  or  some  other  hard  wood.  The  upper  clamp  is 
held  in  place  by  four  bolts,  which  are  screwed  up  tight;  but  when 
the  machine  makes  a  bard  landing  the  clamp  will  yield  a  little  and 
slip  up  the  tube,  thus  deadening  the  shock.  After  such  a  landing, 
the  clamps  should  be  inspected  and  again  moved  down  a  bit,  if 
necessarj'.  The  lower  clamps,  which,  of  course,  only  keep  the  wheels 
D  han^ng  down  too  far,  have  bolts  paasragc\«a.t  ^.Vnovi.'^'Owe.'w^osK^ 
I  To  the  projecting  lugs  on  the  sUdes  GG  we  aX.\a»3nRA.  ^:toK.  t* 
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tube  springs,  tlie  lower  ends  connecting  with  eye  bolts  tbrough  thr 
beam  E.  These  rubber  tubes,  of  which  four  will  be  needed,  are  beiiin 
made  by  several  companies  in  this  country  and  are  sold  by  supply 
houses.  They  should  be  about  14  inches  long,  unstretched,  and 
11  inches  in  diameter,  with  steel  tips  at  the  ends  for  attachment. 

Hub  Attachments,  The  hubs  of  the  two  wheels  are  connected 
■with  the  link  P.  with  universal  joints  A'  N  at  each  end.  In  case  tin- 
machine  lands  while  drifting  sidewise,  the  wheel  which  touches  tiw 
ground  first  will  s^'ing  around  to  head  in  the  direction  in  which  X\k 
machine  is  actuallj'  moving,  and  the  link  will  cause  the  other  wheol 
to  assume  a  parallel  position;  thus  the  machine  can  run  diaKoufilly 
on  the  ground  without  any  tendency  to  upset. 

This  link  is  made  of  the  same  1-  by  ^-inch  oval  tubing  usdi 
daewhere  in  the  machine.  la  the  ori^n«l  Bleriot,  the  jonts  ue 
carefully  made  up  with  steel  forg^ngs.  But  joints  which  will  serve 
the  purpose  can  be  improvised  from  a  1-inch  cube  of  hard  wood  txA 
three  steel  straps,  as  shown  in  the  sketch,  Kg.  27.  From  each  of 
these  joints  a  wire  runs  diagonally  to  the  bottom  of  the  tube  on  the 
other  side,  with  a  spring  which  holds  the  wheel  in  its  normal  position. 
This  spnng  should  be  either  a  rubber  tube,  like  those  described  above, 
but  smaller,  or  a  steel  coil  spring.  In  the  latter  case,  it  should  be 
of  twenty  J-inch  coils  of  Xo.  25  piano  wire. 

Wheels.  The  wheels  are  regularly  28  by  2  inches,  corresponding 
to  the  700  by  50  rnm  Frendi  size,  with  30  spokea  of  12-gauge  wire. 
The  hub  should  be  5^  inches  n-ide,  with  a  |-inch  bolt.  Of  oouRe, 
these  sizes  need  not  be  followed  exactly,  but  any  variations  will 
involve  corresponding  changes  in  the  dimensions  of  the  forks.  The 
long  fork  goes  on  the  hub  inside  of  the  short  fork,  so  that  the  inade 
measurement  of  the  end  of  the  big  fork  should  correspond  to  the 
width  of  the  hub,  and  the  inside  measurement  of  the  small  fwfc 
should  equal  the  outside  measurement  of  the  large  fork. 

Rear  Skid.  Several  methods  are  employed  for  supporting  the  i«tf 
end  of  the  fuselage  when  the  machine  is  on  the  ground.  The  first  Ble* 
riot  carried  a  small  wheel  in  a  fork  provided  with  rubber  springs,  the 
same  as  the  front  wheels.  The  later  models,  however,  have  a  double 
U-shaped  skid,  as  shown  in  Figs.  23  and  24.  This  skid  is  made  tA 
two  8-foot  stnps  (A  oaV  Qit  VofiJunrj  ^by^  indies,  steamed  and  bent 
to  the  O -shape  as  sVoim  Vn  ^e  *wwww»if,  A  -etw. 
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Wings,  Ha\'ing  completed  the  fuselage  and  running  gear,  tlie 
wings  are  next  in  order.  These  are  constructed  in  a  manner  which 
may  seem  unnecessarily  complicated,  but  wliich  gives  great  strenglb 
for  comparatively  little  weight.  Each  wing  contains  two  stout  ash 
beams  which  carry  their  share  of  the  weight  of  the  machine,  and 
12  ribs  which  give  the  proper  curvature  to  the  siirfaces  and  at  the 
same  time  reinforce  the  beams.  These  ribs  in  turn  are  tied  together 
and  reinforced  by  light  strips  running  parallel  to  the  main  beams. 

In  the  drawing  of  the  ^mplete  wing,  Fig.  29,  the  beams  are 
designated  by  the  letters  B  and  E.  A  is  a  sheet  aluminum  member 
intended  to  hold  the  cloth  covering  in  shajie  on  the  front  edge.  C,  IK 
and  F  are  pairs  of  strips  (one  strip  on  top,  the  other  undemeatli) 
which  tie  the  rilw  together.     (7  is  a  strip  along  the  rear  edge,  and  // 


is  a  bent  strip  which  gives  the  rounded  shape  to  the  end  of  the  wing. 
The  ribs  are  designated  by  the  numbers  1  to  12  inclusive. 

Riba.  The  first  and  most  difficult  operation  is  to  make  the  ribs. 
These  are  built  up  of  a  spruce  board  A  inch  thick,  cut  to  shape  oa 
a  jig  saw,  with  A-  by  f-inch  spruce  strip  stacked  and  glued  to  the 
upper  and  lower  edges.  Each  rib  thus  has  an  i-beam  section,  sudi 
as  is  used  in  structural  steel  work  and  automobile  front  axles.  Ead 
of  the  boards,  or  webs  as  they  are  usually  called,  is  divided  into  three 
parts  by  the  main  beams  which  pass  through  it.  Builders  sometimes 
make  the  mistake  of  cutting  out  each  web  in  three  pieces,  but  this 
makes  it  very  difficult  to  put  the  rib  together  accurately.  Each  web 
should  be  cut  out  of  a  single  piece,  as  shown  in  the  dettul  drawing, 
Piz.  30,  and  the  \u>\ea  tm  ^«\iea.Ta&  ^SucnM.  Vk  cut  in  after  tbe  ttf 
and  bottom  strips  tave  >««tt  *^«^  ^^- 
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The  detail  drawing,  Fig.  30.  gives  the  dimensions  of  a  t,vpical 
rih.  This  should  be  d^a^^^)  out  full  size  im  a  strip  of  tough  paper, 
and  then  a  miirgin  of  f,  inch  ahodd  be  taken  off  all  round  except  at 
the  front  end  wliere  the  sheet  aliuuinum  member  .1  goes  on,  This 
allows  for  the  thickness  of  the  top  and  bottom  strips.  In  preparing 
the  pattern  for  the  jig  saw,  the  notches  for  strips  C,  D,  and  F  should 
be  disregarded;  neither  should  it  be  expected  that  the  jig-saw 
operator  will  cut  out  tlie  oval  holes  along  the  center  of  the  web, 
which  are  simply  to  lighten  it.  The  notches  for  the  front  ends  of  the 
top  and  bttttom  strips  should  also  be  smoothed  over  in  the  pattern. 

When  the  pattern  is  ready,  a  saw  or  planing  mill  pro\nded  with 
a  saw  suitable  for  the  work,  should  cut  out  the  40  ribs  (allowing  a 
sufficient  number  for  defective  pieces  and  breakage)  for  about  $2. 
The  builder  then  cuts  the  notches  and  makes  the  oval  openings  with 
an  auger  and  kejhole  saw.  Of  course,  these  holes  need  not  be 
absolutely  accurate,  but  at  least  |  inch  of  wood  should  be  left  all 
around  them. 

Nine  of  the  twelve  ribs  in  each  wing  arc  cxactlj-  alike.  No.  1, 
which  forms  the  inner  end  ot  the  wing,  does  not  have  any  holes  cut 
in  the  web,  and  instead  of  the  slot  for  the  main  beam  B,  has  a  IJ-inch 
round  hole,  aa  tlie  stub  end  of  the  beam  is  rounded  to  fit  the  socket 
tube.  CSeeFig.L'3.)  Rib  No.  II  is  5  feet  10^  inclieslong,  and  No.  12 
is  3  feet  long.  These  can  be  whittled  out  by  hand,  and  the  shape  for 
them  will  be  obvious  as  soon  as  the  main  part  of  the  wing  b  put 
together. 

The  next  step  is  to  glue  on  the  top  and  bottom  strips.  The 
it  ends  should  be  put  on  first  and  held,  during  the  drying,  in  & 
*crew  clamp,  the  ends  setting  close  up  into  the  notches  prn\'ided  for 
them,  Thin  |-inch  brads  should  be  driven  in  along  the  top  and 
bottom  at  I-  tn  2-ineh  intervals.  The  rear  ends  of  the  strips  should 
be  cut  off  to  the  proper  length  and  whittled  off  a  little  on  the  inside, 
so  that  there  ivill  be  room  between  them  for  the  strip  G,  J  inch  thick. 
Finally,  cut  the  slots  for  the  main  beams,  using  a  bit  and  brace  and 
the  keyhole  saw,  and  the  ribs  will  be  ready  to  assemble. 

Bmvis  and  Strips.  The  main  beams  are  of  ash,  the  front  beam 
in  each  wing  being  31  by  J  inches  and  the  rear  beam  2J  by  f  inches, 
^ey  are  not  exactly  rectangular  bnt  must  be  -^aww^  \«"«w  ■^•^'^ 
the  top  and  bottom  edges,  so  that  they  w\\\  'n^.■\oXa  ^Ds.\Ttt^i«i«i- 
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sbapeil  slots  left  for  them  in  the  ribs.  The  front  beams,  as  mentioned 
above,  have  round  stubs  which  fit  into  the  socket  tube  on  the  fuad- 
age.  These  stubs  may  be  made  by  bohing  short  pieces  of  ash  bnat^ 
on  each  aide  of  the  end  of  the  beam  and  rounding  dowii  the  whoU 

To  give  the  wings  their  shght  incHnation,  or  dihedral  an^ 
which  will  be  apparent  in  the  front  view  of  the  machine,  the  stnl 
must  lie  at  an  angle  of  21  degrees  with  the  beam  itself.  This  aiig 
should  be  laid  out  very  carefully,  as  a  slight  inaccuracy  at  this  poij 
will  result  in  a  much  larger  error  at  the  tips.  The  rear  beams  proj* 
about  2  inches  from  the  inner  ribs.  The  ends  should  be  reinforct 
with  bands  of  sheet  steel  to  prevent  splitting,  and  each  drilled  wil 
a  J-inch  hole  for  the  bolt  which  attaches  to  the  fuselage  strut.  ^ 
strip  of  hea\"y  sheet  steel  should  be  bent  to  make  an  angle 
to  fill  up  the  triangular  space  between  the  beam  and  the  stmt;  t 
bolt  hole  should  be  drilled  perpendicularly  to  the  beam,  and  uot 
the  strut.  The  outer  ends  of  the  beams,  beyond  rib  No.  10, 
down  to  1  inch  deep  at  the  ends. 

The  aluminum  member  A,  Fig.  29,  which  holds  the  front 
of  the  wing  in  shape,  is  made  uf  a  4-inch  strip  of  fairly  heavy 
aluminum,  rolled  into  shape  round  a  piece  of  half-round  wood, 
inches  ui  diameter.     As  sheet  aluminum  usually  comes  in  64c 
lengths,  each  of  these  members  will  have  to  l)e  made  in  two  secdn 
joined  either  by  soldering  (if  the  builder  has  mastered  this  difficult 
process)  or  by  a  number  of  small  copper  rivets. 

Xo  especial  difficulties  are  presented  by  the  strips,  C,  D,  and  Fi 
which  are  of  spruce  A  by  |  inch,  or  b>'  the  rear  edge  strip  O,  of 
1  by  IJ  inches.  Each  piece  //  should  he  1  by  J  inch  hatf-rouni' 
spruce,  bent  into  shape,  fitted  into  the  aluminum  piece  at  the  fronts 
and  at  the  rear  flattened  down  to  J  inch  and  reinforce"!  by  a  snul 
strip  glued  to  the  back,  finally  running  into  the  strip  0.  The  exact 
curve  of  this  piece  does  not  matter,  provided  it  is  the  same  on  botK 
wings. 

Assembling  ike  Wings.  Assembling  the  wings  Is  an  opFrsdoS 
which  demands  considerable  care.  The  main  beams  should  first  ba 
laid  across  two  horses,  set  level  so  that  there  m\\  be  no  strain  on  thft 
framework  as  it  is  put  together.  Then  the  12  ribs  should  be  9lip[>ed 
over  the  beams  and  evenly  spaced  13  inches  apart  to  centers, 
being  taken  to  see  that  ead\i:\batfl.iula3Quarewith  tlie  beams,  Fig.sC 


BriLDixr:  an'  aeroplane 

"he  ribs  are  not  glued  to  the  beams,  as  this  would  make  repairs  I 
difficiJt,  but  are  fastened  ^itli  small  nails. 

Strips  C,  D,  and  F,  Fig.  29,  are  next  put  in  place,  simply  being  ■ 
strung  through  the  rows  of  holes  provided  for  them  in  the  ribs,  and 
fasteiiptl  n-iih  brads.  Then  spacers  of  A-inch  spruce.  2  or  3  inches 
long,  lire  placed  between  each  pair  of  strips  halfway  between  each 
rib,  and  fastened  with  glue  and  brads.  Tliis  can  be  seen  in  the 
brokeii-olf  view  of  the  wing  in  the  front  view  drawing,  Fig.  ; 
Tlie  rear  edge  strip  fits  between  the  ends  of  the  top  and  bottom 


Fig.  31.     AMembUng  the  MaiE  Pliui««  of  a  Blcrwt  Moooulnne 

strips  of  the  ribs,  as  mentioned  abfive,  fastened  with  brads  or  with 
rips  of  sheet-ahiminum  tacked  on. 

Each  wing  b  trussed  by  eight  wires,  half  above  and  half  below; 

Uf  attached  to  the  front  and  half  to  the  rear  beam.     In  the  genuine 

llleriot  steel  tape  is  used  for  the  lower  trussing  of  the  main  beams, 

milor  to  the  tape  employed  in  the  running  gear,  but  American 

Iders  prefer  to  use  J-inch  cable.     The  lower  rear  trussing  should 

fc  A-  or  iV-inch  cable,  and  the  upper  trussing  A-''ich. 

The  beams  are  provided  with  sheet-st«el  fixtures  for  the  attach- 
ment of  the  cables,  as  shown  in  the  broken-Q%  mw^  ■wew  ,'Y"\'¥,.  la. 
These  are  cat  from  fairly-heavy  meta\,  au4  ^omv*''^'*^*'^*^ '****' 
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side  of  the  and  beam,  fasten  with  three  A-ioch  bolts.  They  have 
lugs  top  and  bottom.  They  are  placed  between  the  fifth  and  axth 
and  ninth  and  tenth  ribs  on  each  side. 

To  resist  the  backward  pressure  of  the  air,  the  wiiigs  are  trussed 
with  struts  of  1-inch  spruce  and  i^-inch  cable,  as  sliown  in  Fig.  23. 
The  struts  are  placed  between  the  cable  attachments,  being  provided 
with  ferrules  of  flattened  steel  tubing  arranged  to  allow  the  rear  beam 
freedom  to  swing  up  and  down.  Tl"^  diagonal  cables  are  pro\Tded 
with  turnbuckles  and  run  through  tlie  open  spaces  in  the  ribs. 

Control  System.  The  steering  gear  and  tail  construction  of  the 
Bleriot  are  as  distinctive  as  the  swiveling  wheels  and  the  u-bolts,  and 
the  word  "cloche"  applied  to  the  bell-like  attachment  for  the  control 
wires,  has  been  adopted  into  the  international  vocabulary  of  aero- 
planing.  The  driver  has  between  his  knees  a  small  steering  wheel 
mounted  on  a  short  vertical  post.  Tliis  wheel  docs  not  turn,  bul 
instead  the  post  has  a  universal  joint  at  the  bottom  which  allows  it 
to  be  swung  backward  and  forward  or  to  either  side.  The  post  is 
really  a  lever,  and  the  wheel  a  handle.  Encircling  the  lower  part  of 
the  post  is  a  hemispherical  bell — the  cloche — with  its  bottom  edgeon 
the  same  level  as  the  universal  joint. 

Four  wires  are  attached  to  the  edge  of  the  cloche.  Those 
at  the  front  and  back  are  connected  with  the  elevator,  and  those  st 
the  sides  with  the  wing-warping  lever.  The  connections  are  so 
arranged  that  pulling  the  wheel  back  starts  the  machine  upward, 
while  pushing  it  forward  causes  it  to  descend,  and  pulling  to  either 
ade  lowers  that  side  and  raises  tlie  other.  The  machine  can  be  kept 
on  a  level  keel  by  the  use  of  the  wheel  and  cloche  alone;  the  aviator 
uses  them  just  as  if  they  were  rigidly  attached  to  the  machine,  and 
by  them  he  could  move  the  machine  bodily  into  the  desired  portion- 
In  practice,  however,  it  has  been  found  that  lateral  stability  can 
be  maintained  more  easily  by  the  use  of  the  vertical  rudder  than  by 
warping.  This  is  because  the  machine  naturally  tips  inward  on  ■ 
turn,  and,  consequently,  a  tip  can  be  corrected  by  a  partial  turn  in 
the  other  direction.  If,  for  example,  the  machine  tips  to  the  right, 
the  aviator  steers  slightly  to  the  left,  and  the  machine  comes  hack 
to  a  level  keel  without  any  noticeable  change  in  direction.  Under 
ordinary  circumstancea  tVia  v\mv  va  msrA  alto(^ther,  and  the  waqang 
is  used  only  on  tuna  «,iA«v\)ai^-w«a.'eflEt. 
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It  will  be  noticed  that  the  Bleriot  control  system  is  almost 
identical  with  that  of  the  Henri  Farman  biplane,  the  only  difference 
being  that  in  the  Farman  the  cloche  and  wheel  are  replaced  by  a 
long  lever.  The  movements,  however,  remain  the  same,  and  as  there 
are  probably  more  Bleriot  and  Farman  machines  in  use  than  all  other 
makes  together,  this  control  may  be  regarded  almost  as  a  standard. 
It  is  not  as  universal  as  the  steering  wheel,  gear  shift,  and  brake 
levers  of  the  automobile,  but  still  it  is  a  step  in  the  right  direction. 
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Fig.  32.     Control  Device  of  Steel  Tubing  instead  of  Bleriot  "Cloche" 


In  the  genuine  Bleriot,  the  cloche  is  built  up  of  two  bells,  one 
inside  the  other,  both  of  sheet  aluminum  about  A  inch  thick.  The 
outer  bell  is  11  inches  in  diameter  and  3^  inches  deep,  and  the  inner 
one  10  inches  in  diameter  and  2  inches  deep.  A  ring  of  hard  wood 
is  damped  between  their  edges  and  the  steering  column,  an  aluminum 
casting  passing  through  their  centers.  This  construction  is  so  com- 
plicated and  requires  so  many  special  castings  and  parts  tha.t  vt.  ^a. 
almost  impossibie  lor  the  amateur. 
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Skering  Gear.  Wliile  not  so  neat,  the  optional  construction 
^own  in  the  accompanying  drawing,  Fig.  32,  is  equally  effective. 
In  this  plan,  the  cloche  is  replaced  by  four  V-shaped  pieces  of  J-inch, 
20-gauge  steel  tubing,  attached  to  a  steering  post  of  I-inch,  20-gauge 
tubing.  At  the  lower  end,  the  post  has  a  fork,  mude  of  pieces  of 
smaller  tubing  bent  and  brazed  into  place,  and  thJa  fork  forms  part 
of  the  universal  joint  on  which  the  post  is  mounted.  The  crass  of 
the  universal  joint,  which  is  somewhat  similar  to  those  emploj-ed  on 
I  automobiles,  can  best  be  made  of  two  pieces  of  heavy  tubing,  j  inch 
by  12  gauge,  each  cut  half  away  at  the  middle.  The  two  pieces  are 
then  fastened  together  bj'  a  small  bolt  and  brazed  for  greater  securit.v- 
The  ends  which  are  to  go  into  the  fork  of  the  steering  post  must  then 
be  tapped  for  f-inch  machine  screws.  The  two  other  ends  of  the 
•cross  are  carried  on  V's  of  J-inch,  20-gauge  tubing,  spread  far  enough 
apart  at  the  bottom  to  make  a  firm  base,  and  bollixl  to  the  floor  xf 
the  cockpit. 

The  steering  wheel  itself  is  comparatively  unimportant.  On 
the  genuine  Bleriot  it  is  a  solid  piece  of  wood  8  inches  in  diameter, 
■with  two  holes  cut  in  it  for  hand  grips.  On  the  post  just  under  the 
wheel  are  usually  placed  the  spark  and  throttle  levers.  It  is  rather 
difficult,  however,  to  arrange  the  connections  for  these  levers  in  such 
a  way  that  they  will  not  be  affected  by  the  movements  of  the  post, 
and  for  this  reason  many  amateur  builders  place  the  levers  at  one 
ade  on  one  of  the  fuselage  beams. 

From  the  sides  of  the  cloche,  or  from  the  tubing  triangles  which 
may  be  substituted  for  it,  two  heavy  wires  run  straight  down  to  the 
ends  of  the  warping  lever.  This  lever,  together  with  two  pulleys, 
is  mounted  at  the  lower  point  of  the  warping  frame  already  described. 
The  lever  is  12  inches  long,  11  inches  between  the  holes  at  its  ends, 
and  2  inches  wide  iii  the  middle;  it  should  be  cut  from  a  piece  of 
sheet  steel  about  A  inch  thick.  The  pulleys  should  be  2i  inches  in 
diameter,  one  of  them  bolted  to  the  lever,  the  other  one  running 
free.  The  wires  from  the  outer  ends  of  the  rear  wing  beams  are 
joined  by  a  piece  of  flexible  control  cable,  which  is  ^ven  a  ^gle 
turn  over  the  free  pulley.  The  inner  wires,  however,  each  have  a 
piece  of  flexible  cable  attached  to  th^  ends,  and  these  pieces  of 
cable,  after  being  given  a  tarci  wMud  the  other  pulley,  are  made  fast 
to  the  opposite  ends  o\  tW  -wM^m^Vvw.  Ttt^fc^" 
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run  over  the  pulleys,  not  under,  so  that  when  the  cloche  is  pulled 
to  the  right,  the  left  wing  will  be  warped  downward. 

It  is  a  common  mistake  to  assume  that  both  pulleys  are  fastened 
to  the  warping  lever;  but  when  this  is  done  the  outer  wire  slackens 
off  and  does  not  move  in  accord  with  the  inner  wire,  on  account  of 
the  different  angles  at  which  they  work. 

Foot  Levers.  The  foot  lever  for  steering  is  cut  from  a  piece  of 
wood  22  inches  long,  hollowed  out  at  the  ends  to  form  convenient 
rests  for  the  feet.  The  wires  connecting  the  lever  to  the  rudder  may 
either  be  attached  to  this  lever  direct,  or,  if  a  neater  construction  is 
desired,  they  may  be  attached  to  another  lever  under  the  floor  of  the 
cockpit.  In  the  latter  case,  a  short  piece  of  1-inch  steel  tubing  serves 
as  a  vertical  shaft  to  connect  the  two  levers,  which  are  fastened  to 
the  shaft  by  means  of  aluminum  sockets  such  as  may  be  obtained 
from  any  supply  house.  The  lower  lever  is  12  inches  long  and  2 
inches  wide,  cut  from  iV-iuch  steel  similar  to  the  warping  lever. 

Amateur  builders  often  cross  the  rudder  wires  so  that  pressing 
the  lever  to  the  right  will  cause  the  machine  to  steer  to  the  left. 
This  may  seem  more  natural  at  first  glance,  but  it  is  not  the  Bleriot 
way.  In  the  latter,  the  wires  are  not  crossed,  the  idea  being  to 
facilitate  the  use  of  the  vertical  rudder  for  maintaining  lateral  equi- 
librium. With  this  arrangement,  pressing  the  lever  with  the  foot  on 
the  high  side  of  the  machine  tends  to  bring  it  back  to  an  even  keel. 

Tail  and  Elevator,  The  tail  and  elevator  planes  are  built  up 
with  ribs  and  tie  strips  in  much  the  same  manner  as  the  wings. 
However,  it  will  hardly  pay  to  have  these  ribs  cut  out  on  a  jig  saw 
unless  the  builder  can  have  this  work  done  very  cheaply.  It  serves 
the  purpose  just  as  well  to  clamp  together  a  number  of  strips  of 
A-inch  spruce  and  plane  them  down  by  hjind.  The  ribs  when 
finished  should  be  24  J  inches  long.  The  greatest^  depth  of  the  curve 
is  IJ  inches,  at  a  point  one-third  of  the  way  back  from  the  front 
edge,  and  the  greatest  depth  of  the  ribs  themselves  2^  inches,  at  the 
same  point.    Sixteen  ribs  are  required. 

A  steel  tube  1  incli  by  20  gauge,  C,  Fig.  1^3,  runs  through  both 
tail  and  elevators,  and  is  the  means  of  moving  the  latter.     Each  rib 
at  the  point  where  the  tube  passes  through,  is  provided  with  an 
aluminum  socket.     Those  on  the  tail  ribs  act  merely  as  bearings 
for  the  tube,  but  those  on  the  "elevator  ribs  are  bolted  fast,  so  that 
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mt  elevators  must  turn  witli  the  tube.  At  its  center  the  tube  carries 
a  lever  G,  of  ^inch  steel  12  by  2  inches,  fastened  on  by  two  aluminum 
sockets,  one  on  each  side.  From  the  top  of  the  lever  a  wire  runs  to 
the  front  side  of  the  cloche,  and  from  the  bottom  a  second  wire  runs 
to  the  rear  side  of  the  cloche. 

The  tube  is  carried  in  two  bearings  ////,  attached  to  the  lower 
beams  of  the  fuselage.  These  are  simply  blocks  of  hard  wood, 
fastened  by  steel  strips  and  bolts.  The  angle  of  incidence  of  the 
tail  is  adjustable,  the  tail  itself  being  held  In  place  by  two  vertical 
strips  of  steel  rising  from  the  rear  edge  and  bolted  to  the  fuselage, 
as  shown  in  the  drawing.  Fig.  33.  To  prevent  the  tail  from  folding 
up  under  the  air  pressure  to  which  it  is  subjected,  it  is  reinforced 
by  two  J-inch,  20-gauge  steel  tubes  running  duwn  from  the  upper 
sides  of  the  fuselage,  as  shown  lu  the  drawing  of  the  complete  machine. 
Fig.  23. 

The  tail  and  elevators  have  two  pairs  of  tie  strips,  B  and  D, 
Fig,  33,  made  of  ,"«-  by  f-inch  spruce.  The  front  edge  A  is  half 
round,  1-  by  J-inch  spruce,  and  the  rear  edge  fi  is  a  spruce  strip 
{-  by  Ij-iuches.     The  end  pieces  are  curved. 

Rtulder.  The  rudder  is  built  up  on  a  piece  of  l-inch  round 
spruce  M,  corresponding  in  a  way  to  the  steel  tube  useii  fur  the 
elevators.  On  this  are  mounted  two  long  ribs  A'A',  and  a  short  rib 
J,  made  of  spruce  |  inch  thick  and  1 1  inches  wiile  at  the  point  where 
M  passes  tlirough  them.  They  are  fastened  to  M  with  J-inch  through 
holts.  The  rudder  lever  N,  of  ^iiich  stcci,  12  by  2  inches,  is  laid 
6at  on  J  and  bolted  In  place;  it  is  then  trussed  by  wires  running 
from  each  end  to  the  rear  ends  of  A'A'.  From  the  lever  other  wires 
also  run  forward  to  the  foot  lever  which  controls  the  rudder. 

The  wires  to  the  ele\ator  and  rudder  should  be  of  the  flexible 
cable  specially  made  for  this  purpose,  and  should  be  supported  by 
fairteaders  attached  to  the  fuselage  struts,  Fairleaders  of  different 
designs  may  be  procured  from  supply  houses,  or  may  be  impro\'ised. 
Ordinary  screw  eyes  are  often  used,  or  pieces  of  copper  tubing,  bound 
to  the  struts  with  friction  tape. 

Covering  the  Planes.  Covering  the  main  planes,  tail,  elevators, 
and  rudder  may  well  be  left  until  the  machine  is  otherwise  ready 
fi  -r  its  trial  trip,  as  the  cloth  will  not  then  be  soiled  1^"^  iW  iva;*.  «s!i&. 
i.-rinif  of  Eiie  shop.     The  clotb  may  be  anv  ol  l\\t  ■i■^.*^^!^«■■^'J>. '^«^'< 
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which  are  on  the  market,  preferably  in  a  rather  liglii  weight  raade^ 
a|)ecially  for  douhle-surfaced  morlihies  of  this  tj-pe;   or  light-wcighi 
Bail  cloth  may  be  used.  coHtiiig  imly  25  or  30  cents  a  yard.    Alxmi 
'   SO  yards  will  l»e  requiR-d,  assuming  a  width  of  M  inches. 

Except  on  the  rudder,  the  cloth  is  applied  on  the  bias,  the  id" 
,  being  that  «nth  this  arrangement  the  threjtds  act  like  diagonal  tni^ 
[  wires,  thus  strengthening  and  bracing  the  framework.  When  i 
I-  cloth  is  tu  be  put  on  in  this  way  it  must  first  be  sewed  tugctbnr 
I  sheets  iarite  enough  to  cover  the  entire  plane.     Each  nniig  will  reqilj 


I 


sheet  about  1 1  feet  square,  and  two  sheets  each  6  feet  squate  n 
be  required  for  tlie  elevators  and  tail.  The  strijjtf  of  cloth  i 
diagonally  across  the  sheets,  the  longest  striira  in  the  wing  she^ 
being  20  feet  long. 

I  Application  of  the  cloth  to  the  wings,  Fig.  'M,  is  best  I 
by  fastening  one  edge  of  a  sheet  to  the  rear  edge  of  the  wing,  stretd 
ing  the  cloth  a.s  tight  as  can  be  done  conveniently  with  one  had 
The  cloth  is  then  spread  forward  over  the  upi>er  surface  of  the  win 
and  is  made  !ast  aWg  tV\e  inner  end  rib.  Small  cojiper  tjtclu  a 
used,  spaced  2  'mAe^^  av*'^  "^^"^  ^*^  \\\.\«^  i-^  wii.  \  ■■« 
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wer  side.  After  the  cluth  has  been  taoked  to  thi-  upper  aides  of 
all  the  ribs,  the  wing  is  turned  over  and  the  cloth  stretched  over 
the  lower  sidt.  Finailj'  the  raw  edges  are  trimmed  off  and  covered 
with  light  tape  glued  down,  tape  also  being  glued  over  all  the  rows 
of  tacks  along  llie  ribs,  making  a  neat  finish  and  at  the  same  time 
preventing  the  cloth  fnim  tearing  off  over  the  tack  heads. 

Installation  of  Motor.  As  stated  previously,  the  ideal  motor 
for  a  Bleriot-t.\^)e  machine  is  short  along  the  crank  shaft,  as  the  ■ 
a\'ailable  space  in  the  fuselage  is  limited,  and  air-cooled  for  the  same 
reason.  Genuine  Bleriots  are  alwajs  fitted  with  one  of  the  special 
tjpes  of  radial  or  rotary  aeronautic  motors,  which  are  always  air- 
cooled.  Xext  in  popularity  to  these  is  the  two-cylinder,  horizontal- 
i)pix)sed  motor,  either  air-  or  water-cooled.  However,  successful 
machines  have  been  built  wjth  standard  automobiie-tj'pe,  four- 
cylinder,  water-cooled  motors,  and  with  four-cylinder,  two-cycle, 
aertmautic  motors, 

W'iien  the  motor  is  water-cooled,  there  will  ine\-itably  be  some 
jBculty  in  finding  room  for  a  radiator  of  sufficient  size.     One  scheme 
)  use  twin  radiators,  one  on  each  sitle  of  the  fuselage,  inside  of 
B  main  frame  of  tlie  running  gear.     .Another  plan  is  to  place  the 
r  Xliiderneath  the  fuselage,  using  a  supplementary  water  tank 
e  the  cylinders  to  facilitate  circulation.     These  two  seem  to  be 
t  the  only  practicable  arranifements,  as  behind  the  motor  the 
iator  would  not  get  enough  air.  and  above  it  would  obstruct  the 
IP  of  the  operator- 
It  is  impossible  to  generalize  to  much  effect  about  the  method 
ipporting  liie  motor  in  the  fuselage,  as  this  must  diiTer  witti  the 
iitor.     Automobile-type  motors  will  ]ie  carried  on  two  heavy  aah 
>,  braced  by  lengths  of  steel  tubing  of  about  1  inch  diameter  and 
Ui  gauge.     When  the  seven-cylinder  rotary  (jnome  motor  is  used, 
the  crank  shaft  alone  is  supported;  it  is  carried  at  the  center  of  two 
x-shaped  frames  of  pressed  steel,  one  in  front  of  and  the  other  behind 
the  motor.     The  three-cylinder  Auzani  motors  are  carried  on  four 
lengths  of  channel  steel  bent  to  fit  aroimd  the  upper  and  lower  por- 
tions of  the  crank  ease,  which  is  of  the  motorc\'c!e  type- 
Considerable  care  should  be  taken  to  prevent  the  exhaust  from 
ring  back  into  the  operator's  face  as  this  aometvm*^ tasros,  ■^■'!&&- 
reps  of  burning  oil,  besides  lUaagreeaVAe  •sTOoV»  ft.wi\\fis«a. 
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usual  plan  is  to  arrange  a  sloping  dashboard  of  sheet  aluminum  so 
as  to  deflect  the  gases  down  under  the  fuselage. 

The  three  sections  of  the  fuselage  back  of  the  engine  section  ara 
usually  covered  on  the  sides  and  bottom  with  cloth  like  that  used 
on  the  wings.  Sometimes  sheet  aluminum  is  used  to  cover  the 
section  between  the  wing  beams.  However,  those  who  are  just 
learning  to  operate  machines  and  are  a  little  doubtful  about  their 
landings  often  leave  off  the  covering  in  order  to  be  able  to  see  the 
ground  immediately  beneath  their  .         wheels. 


-,?^^ 


New  Features.  Morane  Landing  Gear.  Although  the  r^ular 
Bleriot  landing  gear  already  described,  has  many  advantages  and 
has  been  in  use  with  only  detail  changes  for  several  years,  saat 
aviators  prefer  the  landing  gear  of  the  new  Morane  monoplane, 
which  in  other  respects  closely  resembles  the  Bleriot.  This  gear, 
Fig.  35,  is  an  adaptation  of  that  long  in  use  on  the  Henri  Fannin 
and  Sommer  biplanes,  combining  skids  and  wheeb  with  nibbei4»nd 
Springs.  In  case  a  vWV  ot  s^rintg  breaks,  wbetlw  due  to  a  defect 
or  to  a  rough  kndViR,  ^be  ^io^  ^""^  ■*»-'<^  *^  >!o?(«»u  " 
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tension  cif  the  springs  is  usually  such  that  on  a  rough  landing  the 
wheels  jump  up  and  allow  the  skids  to  take  the  shock;  this  also 
prevents  the  excessive  rebound  of  the  Bleriot  springs  under  similar 
conditions. 

Another  advantage  which  may  have  some  weight  with  the 
amateur  builder,  h  that  the  Morane  running  gear  is  much  cheaper 
and  easier  to  construct-  Instead  of  the  two  heavy  tubes,  the  four 
forks  of  o\*aI  tubing,  and  the  many  slides,  collars,  and  blocks — most 
of  them  special  forgings  or  castings^the  Morane  gear  simply  requires 
two  short  laminated  skids,  four  ash  struts,  and  some  sheet  steel. 

The  laminated  skids  are  built  up  of  three  boards  each  of  |- 
by  2-inch  ash,  3§  feet  long.  These  must  be  glued  under  heavy 
pressure  in  forms  giving  the  proper  curve  at  the  front  end.  When 
they  are  taken  from  the  press,  three  or  four  J-inch  holes  should  be 
bored  at  equal  distances  along  the  center  line  and  wood  pins  driven 
in;  these  help  in  retaining  the  curve.  The  finished  size  of  the  skids 
should  be  ]f  by  1|  inches. 

Four  ash  struts  l\  by  21  inches  support  the  fuselage.  They 
are  rounded  off  to  an  oval  shape  except  at  the  ends,  where  they 
are  attached  to  the  skids  and  the  fuselage  beams  with  clamps  of 
A-inch  sheet  steel.  The  ends  of  the  struts  must  be  beveled  off 
carefully  to  fliake  a  good  fit;  they  spread  out  15  degrees  from  the 
vertical,  and  the  rear  pair  have  a  backward  slant  of  30  degrees  from 
vertical. 

Additional  fuselage  struts  must  be  provided  at  the  front  end  of 
the  fuselage  to  take  the  place  of  the  struts  and  beams  of  the  Bleriot 
running  gear.  The  two  \'ertical  struts  at  the  extreme  front  end  may 
be  of  the  same  IJ-  by  2J-inth  ash  used  in  the  running  gear,  planed 
down  to  lA  inches  thick  to  match  the  thickness  of  the  fuselage 
beams.     The  horizontal  struts  should  be  lA  by  13  inches. 

The  wheels  run  on  the  ends  of  an  axle  tube,  and  usually  have 
plain  bearings.  The  standard  size  bore  of  the  hub  is  H  inch,  and 
the  axle  tube  should  be  (i  inch  diameter  by  11  gauge.  The  tube 
also  has  loosely  mounted  on  it  two  spools  to  carry  the  rubber  band 
springs.  These  are  made  of  2J-inch  lengths  of  1  J-inch  tubing,  with 
walls  of  sufficient  thickness  to  make  an  easy  sliding  fit  on  the  axle 
lube.  To  the  ends  of  each  length  of  tube  are  bTaiied 'UiA'w^ ■«»^o»s» 
of  A-hwh  steel,  rompletiDg  the  apoo\. 
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The  ends  of  the  rubber  bands  are  carried  on  rollers  of  J-mcli. 
16-gauge  tubing,  fastened  to  the  skids  by  fittings  bent  up  from 
A-inch  sheet  steel  Each  fitting  is  bolted  to  the  skki  niti  two 
1-inch  bolts.  ' 

Some  arrangement  must  now  be  made  to  keep  the  axle  centen-d 
under  the  machine,  as  the  rubber  bands  will  not  take  any  sidewise 
strain.  A  clamp  of  heavj'  sheet  steel  should  be  made  to  fit  over  ihv 
axle  at  its  center,  and  from  this  hea\y  wires  or  cables  run  to  the 
bottom  ends  of  the  forward  Ktnit.s.  These  wires  may  lie  providfii 
with  stiff  coil  springs,  if  it  is  desired  to  allow  a  little  sidewiae  movt^  , 
ment. 

New  Bteriot  Inverse  Curve  Tail.    Some  of  the  latest  fileriot 
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niachines  have  a  new  tail  which  seems  to  add  considerable  to  th«r 
speed.  It  consists  of  a  fixed  tail,  Fig.  36,  nearly  as  large  as  the 
old-stj-Ie  tail  and  elevators  combined,  with  two  elevator  flaps  hinge<I 
to  its  rear  edge.  The  peculiarity  of  these  elevators,  from  which  the 
tail  gets  its  name,  is  that  the  curve  is  concave  above  and  convex 
below^~at  first  glance  seeming  to  have  been  attached  upside  down. 
In  this  construction,  the  1-inch,  20-gauge  tube,  which  formerly 
passed  through  the  center  of'the  tail,  now  runs  along  the  rear  edge, 
being-herd  ori  by  stripsof  j-  by  A-inch  steel  bent  into-  U-duipe 
iiridfestened  w\^  screws  oT\K>\\s\o'0BRTy3ft.  Sinular  strips  att»(* 
the  elevators  to  the  tu\«,>wx  ■^•««^  ^^-V*-  «»^j^s«&.'«»'«sfc'«i«. 
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The  construction  is  otherwise  like  that  previously  described.  It  is 
said  that  fitting  this  tail  to  a  Bleriot  in  place  of  the  old-style  tail 
adds  5  miles  an  hour  to  the  speed,  without  any  other  changes  being 
made. 

Another  slight  change  which  distinguishes  the  newer  Bleriots  is 
in  the  overhead  frame,  which  now  consists  of  a  single  inverted  V 
instead  of  two  V's  connected  by  a  horizontal  tube.  The  single  V 
is  set  slightly  back  of  the  main  wing  beam,  and  is  higher  and,  of 
course,  of  heavier  tubing  than  in  the  previous  construction.  Its  top 
should'  stand  2  feet  6  inches  above  the  fuselage,  and  the  tubing 
should  be  1  inch  18  gauge.  It  also  requires  four  truss  wires,  two 
running  to  the  front  end  of  the  fuselage  and  two  to  the  struts  to 
which  the  rear  wing  beams  are  attached.  All  of  the  wires  on  the 
upper  side  of  the  wings  converge  to  one  point  at  the  top  of  this  V, 
the  wires  from  the  wing  beams,  of  course,  passing  over  pulleys. 

These  variations  from  the  form  already  described  may  be  of 
interest  to  those  who  wish  to  have  their  machines  up-to-date  in 
every  detail,  but  they  are  by  no  means  essential.  Hundreds  of  the 
old-style  Bleriots  are  flying  every  day  and  giving  perfect  satisfaction. 
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GLOSSARY 


^^EMBODYING  THE  STANDARDIZED   AERONAUTICAL  NOMEN- 
CLATURE ADOPTED  BV  THE  NATIONAL  ADVISOHY 
COMMITTEE    FOR    .AERONAUTICS* 


Acceleration.     The  rato  of  change  of  velocity  o!  a  moving  body. 

Acrobatics.     Final  couree   of   inatrucliim    for   military   aviatora   in   which   the 

tncks  of  Blunl  Hying  are  taught. 
Advancing  Edge.   The  front  edge  ot  any  of  the  aurfacpa  of  a  heiiviiM^than-air 

flying  machine.     Synonymoua  with  AlUickiiig  Edge. 
Advuicing  Surface,     A  aurf.-Lce  of  an  ueropkne  that  is  ahead  of  unother  aur- 

Aerial.     See  AnUnnar.. 

Aerodrome,     k  ground  set  apart  for  flying  purpose.     (I-iBngleyB  temi  for  his 

flying  machines,) 
Aerodynamics.     The  acience  of  atmoapheric  laws,  that  is,  the  efTeota  produced 

Aerofoil.     An  aeroplane  wing  curve. 

AerofoQ.     A   winglike  structun.',   flat  or   curved,   designed   to   obtuin   reaction 

upon  its  surface  from  the  3Jr  through  which  it  moves. 
Aeronat  lair  swimmer).     A  term  sometimes  appUed  to  dirigible  halloona. 
Aeronaut.     An  aerial  navigator. 
Aeronautics.    The  entire  acience  of  atrial  navigation. 
Aeronef.     Proposed  term  for  Ryiiig  machine.     (Not  likely  to  comi>  into  general 

r  plane.  A  form  of  aircraft  heavier  than  air  which  has  wing  sitrfocea  for 
support,  in  the  air,  with  atakitiEing  surfaces,  rudders  for  steering,  and  power 
plant  for  propulsion  through  the  air.  This  term  is  commonly  used  in  a 
more  restricts!  sense  to  refer  to  airplanes  fitted  with  landing  gear  suited  to 
operation  from  the  land.  If  the  landing  gmr  is  suited  to  operation  from 
the  water,  the  term  Sca}Aai>e  is  used.     (See  definition.) 

Pusher.     A   type   of   aeroplane   with   the  propeller  in  the  rear  ot  the 

engine. 
Tractor.    A  type  ot  aeroplane  with  the  propeller  in  front  of  the  engine. 
Aerostat.    A  lighter-than-air' flying  machine  deprading  upon  the  use  of  a  vol- 
ume of  gas  whose  spwific  gravity  is  liss  than  that  of  the  air  but  having 
no  means  of  lateral  guiding;  an  ordinary  balloon. 
Aerostatics.    The  science  of  buoyancy  in  the  air  by  diapkcement. 
Aerostation.    That  part  of  the  aclejice  of  aeronautics  that  deals  with  lightcr- 

tluui'Oir.  or  gas-lifted  macliines. 
Aileron  (French).    A  small  wing,  or  plane,  hinged  la  the  rear  edge  of  the  main 
plunes  and  by  means  of  which  the  machine  is  controlled  laterally. 
•WhtM  Iwu  dcfiniriofu  uf  Idr  niimr  tnrm  »re  (iven,  V\ie  Mcooft  i*  ^"bM-  »An^iA  i. 
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•■      AUwon.     A  movable  auxiliary  miriacp  used  to  produce  a  roilinK  u 
^  the  fore-and-aft  axia. 

•        Air  Bag.     One  of  aeveral  sniSill  bugs  within  a  bnlloou.     These  hags  are  hid- 
nectcd  with  an  air  piuup,  and  by  in<;rfAsiuf(  or  di^crcosing  the  amount  d 
I  air  in  the  bags,  the  pressure  of  gas  within  the  balloon  may  be  regulatni 

i  Also  called  Baltoonct. 

IT        Aircnft.     Any  form  of  craft  designed  for  the  navigation  of  the  air — aeroplun^ 
balloons,  dirigiblra,  hoiicopters,  kitfj,   kite  balloons,  umithopteis,  glidciK 

Airplane.     A  simphficd  form  of  ArropOtiif  now  more  or  less  generally  used. 

Air  Renstance.  The  resistance  encouniJ-rtyl  by  u  auriaci?  in  motion.  Tbis 
rcsietance  increases  aa  the  Bquare  of  the  speed,  which  makes  it  necismn 
to  employ  four  times  aa  much  power  in  order  to  double  a  given  spwl 
A  monoplane  usually  haa  less  resiatancc  than  a  biplane,  which  acconnti 
for  the  greater  s|jeed  of  the  former.  While  it  is  deairubic  to  reduce  tlii* 
retarding  furce  to  a  minimum,  a  certain  amount  of  resistance  is  requind  i 
to  produce  aiiatcntation  in  the  air.  ■ 

Airship.     A  dirigible  hnllo<iu.  \ 

Alr-Spaed  Meter.  An  instrument  designed  to  measure  the  speed  of  an  aircnft 
with  reference  to  the  air. 

Alighting  Gear.     The  mechanism  on  the  under  part  of  an  aeroplane  ta  cushioo 

its  descent  and  bring  it  to  a  stop  upon  reaching  the  ground.     It  umiallv 

consists  of  pneumatic-tired  wheels  with  a  spring  frame  or  of  skids,  ihr 

starting  gear  and  aUghting  gear  nearly  always  being  combined.     Generall) 

'  colled  Landirtg  Gear. 

Altimeter.  An  aneroid  mounted  on  an  aircraft  to  indicate  contmuoualy  it- 
height  above  the  surface  of  the  earth. 

Anemometer.  An  instrument  for  measuring  the  force  or  velocity  of  the  wind. 
or  both.  Anemometers  arc  made  of  several  types:  (I)  suction  and  [wn- 
Bure  anemometers,  which  indicate  in  a  more  or  less  direct  manner  by  ihe 
deflection  of  a  spring  or  of  a  suspended  plate  of  accurately  determinot 
weight  or  by  causing  water  to  rise  in  a  tube;  (2)  rotating  anemometen. 
which,  by  the  continual  revolution  of  horizontal  spiders  carrying  vanes  or 
cups  at  the  ends  of  their  arms,  directly  indicate  a  measure  of  their  mov(~ 
ment  from  which  the  velocity  may  be  computed.  Some  anemometnt 
indicat«  the  distance  traveled  by  the  wind  in  a  specified  time,  from  which 
its  velocity  can  be  calculated. 

Anemometer.     Any  instrument  for  measuring  the  velocity  of  the  wind. 

Angle  of  Attack.     Practically  synonymous  with  Angle  of  Incidence. 

Angle  of  Incidence.  The  pJigle  that  a  plane  makes  with  an  imaginary  bofi- 
zontal  hne  when  (lying. 

Angle: 

Of  AUaek,  or  of  Incidence,  of  Aerofoil.  The  acute  ai^e  between  the  diitc- 
tion  of  the  relative  wind  and  the  chord  of  an  aerofoil,  tbat  is,  Uk 
angle  between  the  chord  of  an  aerofoil  and  its  motion  relative  to  tbe 
air.  (This  definition  may  be  extended  to  any  body  having  an  axii.) 
Crilictd.  The  angje  of  attack  at  which  the  lift-curve  hag  its  fint  BUi- 
mum.  Sometiittw  "Mietwi  \*i  wb  ft*  WAJLt  "^omt.  tji  tbtt  lift  obtw 
has  more  ttum  ottftni»mnwitt,'Cti»^>a*Vi'i*^B*.«»Si 
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Gliding.  The  angle  the  flight  path  makes  with  the  horizontal  when  flying 
in  still  air  under  the  influence  of  gravity  alone,  that  is,  without  power 
from  the  engine. 

Antennae.  Wire  or  wires  for  ^itercepting  electromagnetic  radiations  in  the  air 
and  leading  them  to  wireless  receiving  instruments. 

Anti-Clockwise.  An  engine  that  turns  to  the  left  when  viewed  from  the  pro- 
peller end.     Also  termed  a  left-fianded  engine. 

Appendix.  The  hose  at  the  bottom  of  a  balloon  used  for  inflation.  In  the 
case  of  a  spherical  balloon  it  also  serves  for  equalization  of  pressure. 

Area,  Effective.  This  term  usually  covers  the  entire  area  of  the  flying  machine, 
including  elevating  planes  as  well  as  the  main  planes,  and  is  that  of  the 
plan  form,  so  that  it  is  measured  in  units  of  double  surface,  that  is,  both 
sides  or  surfaces  are  counted  as  one  unit  of  area.  Thus,  by  an  area  of 
500  square  feet  is  indicated  a  surface  of  twice  500  square  feet. 

Area,  Supporting.    See  Area,  Effective. 

Artillery  Spotting.    See  Spotting. 

Aspect  Ratio.  The  proportion  that  the  length,  or  ' 'spread' ^  of  the  supporting 
surfaces  bears  to  their  depth. 

Aspect  Ratio.    The  ratio  of  span  to  chord  of  an  aerofoil. 

Aspiration.  The  action  of  a  current  of  air  flowing  against  the  edge  of  a  spiral 
curved  wing  or  aeroplane  surface,  by  which  the  surface  is  drawn  toward 
the  current.     Also  called  Tangential  Force. 

Automatic  Stability.  The  maintaining  of  lateral  and  longitudinal  stability  of  a 
flying  machine  independently  of  the  control  of  the  operator. 

Aviation.    The  science  of  dynamic  flight  by  means  of  a  hcavier-than-air  machine. 

Aviator.     The  operator  of  a  heavier-than-air  flying  machine. 

Aviator.  The  operator,  or  pilot,  of  heavier-than-air  craft.  This  term  is  applied 
regardless  of  the  sex  of  the  operator. 

Axes  of  an  Aircraft.  Three  fixed  lines  of  reference,  usually  centroidai  and 
mutually  rectangular.  The  principal  longitudinal  axis  in  the  plane  of 
symmetry,  usually  parallel  to  the  axis  of  the  propeller,  is  called  the  forf- 
and-afl  axis,  or  longitudinal  axis;  the  axis  perpendicular  to  this  in  ihv 
plane  of  symmetry  is  called  the  vertical  axis;  and  the  third  axis,  perpen- 
dicular to  the  other  two,  is  called  the  transverse  axis,  or  lateral  axis.  In 
mathematical  discussions  the  first  of  these  axes,  drawn  from  front  to  rear, 
is  called  the  X  axis;  the  second,  drawn  upward,  the  Z  axis;  and  the  third, 
forming  a  left-handed  system,  the  Y  axis. 

B 

Balance,  Djnaxmc.    £k]uihbrium  of  a  machine  in  flight.     Sec  Stability. 

Balance,  Static.  Standing  balance;  equilibrium  of  a  machine  when  station- 
ary on  the  ground. 

Balancing  Flaps.    See  Aileron. 

Balancing  Plane.  A  surface  whose  position  or  angle  may  be  changed  to  steer 
or  maintain  balance. 

Balancing  Surface.    Same  as  Balancing  Plane. 

Balloon.  A  form  of  aircraft  comprising  a  gas  bag  and  a  basket.  The  M 
in  the  air  results  from  the  buoyancy  of  the  &\r  d\B^\&fi>«^\y^  Viu^  ^a^ 
form  of  which  is  maintained  by  the  pressure  oi  a  coiiXAVxiedL^BM^^^^fiB*^'' 
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Bmrofie.     A   BtaaU   epherical   captive   balloon   raised   an   a   prnlcrtinn 

against  attacks  by  aeroplanes. 
C^tiiie.     A  balloon  rsKtrained  rrom  free  flight  by  means  u(  n  tMe 

attaching  it  to  the  earth. 
KUi.    An  clongaUd  fonn  of  captive  balloon  fitted  with  toil  appenil-  . 

agee  to  keep  it  headed  inUi  the  wind  and  deriving  increased  idt  J 

due  to  its  axis  being  inclined  to  the  wind.  M 

Pilot.     A  small  spherical  balloon  sent  up  to  show  the  direction  of  thtl 

SOMnding.     A  HDiall  spherical  balloon  sent  aloft  without.  ]iassengers but  | 
villi  ngbtormg  iMteoKdofual  iutniOMBta. 
BifloaaBtd.    A  mooring  ^mw  on  the  poiiiid  for  fto^MniilMlIoan.. 
BillooB  CWh.    11m  lllotl^  uaoallr  oottat^  of  lAiA  bdUoon  fkbrici  we  BHda, 
BaDooa  Tibtk.    Ttm  flaUwd  nutarisi,  vmaaOj  mbbsiMd,  ot  wfaicb  bdaon 

eovek^ca  ■»  mftde. 
Bdloonat    A  omaU  baUxm  within  the  interior  oT  »  ImDoob  or  tbisiblo  far  tti 

parpon  cf  orataolling  tike  awnnt  <a  dMoeat  and  for  maintaiiiiBS  paamn 

on  tlie  outOT  KntUp*  k>  h  to  prewent  defonnaticm.    The  baSoooat  ii1n|i( 

infiated  with  air  at  the  required  preesure,  under  the  oontrol  of  a  blower 

and  valvee. 
Bank.    To  incline  an  a^oplane  laterally,  that  is,  to  roll  it  about  the  fore-  and 

aft-axiB.    Ri^t  bonk  ie  to  incline  the  aeroplane  with  the  right  wing  dowa. 

Also  used  as  a  notu  to  describe  the  position  of  an  aeroplane  when  its  Iil- 

eral  axis  is  inclined  to  the  horizontal. 
Banking.    The  tilting  of  an  aeroplane  to  increaae  its  resistance  and  prevent 

skidding,  or  "sliding  off",  in  rounding  a  turn. 
Barograph.    An  automatic  recording  barometer  employed  to  record  the  hd|^t 

to  which  an  aeroplane  or  dirigible  ascends. 
Btrogra^.    An  instrument  used  to  record  variations  in  barometric  preeaure. 

In  aeronautics  the  charts  on  which  the  records  are  made  indicate  altitudes 

directly  instead  of  barometric  pressures. 
Basket.     The  car  suspended  beneath  a  balloon,  for  passengers,  ballast,  etc. 
Biplane.    An  aeroplane  with  two  superposed  main  planes  overlapping  in  plan 

Biplane.    A  form  of  aeroplane  in  which  the  main  supporting  surface  is  divided 

into  two  parts,  one  above  the  other. 
Body  of  Aeroplane.    The  structure  which  contains  the  power  plant,  fud,  pas- 

sengeia,  etc. 
Bonnet    The  appliance,  having  the  form  of  a  parasol,  which  protects  the  vahe 

of  a  spherical  balloon  against  rain. 
Booma.    The  long  spais  extending  aft  on  a  pusher  type  biplane  and  to  wfaidi 

the  empennage,  or  tail  unit,  is  attached.     Also  known  as  outriffgert. 
Bradng.    The  system  of  cables  and  wires  used  in  an  aeroplane  to  transfer  tbt 

forces  from  one  point  to  another. 
Bridle.    The  system  of  attachment  of  cable  to  a  balloon,  including  lines  to  the 

euspension  band. 
BoU't-eyes.    Small  rings  of  wood,  metal,  etc.,  forming  part  of  balloon  riggjat 

used  {or  connection  ot  oAica^^mHiiX.  <A  xa^«&. 
Burble  Point.    See  Angle,  Ctttieol. 


C.     Abbr^atioQ  for  a  centigrade  degree  of  temperature. 

Cabone.     A  pyramidal  framework  on  the  wing  of  an  airplane,  to  which  stays, 

i;tj-.,  ore  secured. 
Cabr£  (French),     Tail-ijowi)  attitude  of  the  machinG  aa  in  climbiDg. 
Camber.     The  greatest  depth  of  curvature  of  a  surface  or  plane. 

fber.  The  convexity  or  rise  of  the  cun'e  of  an  aerofoil  from  its  chord, 
usuaUy  expressed  ae  the  ratio  of  the  maximum  departure  of  the  curve 
from  the  chord  to  the  length  of  the  chord.  Top  camber  refers  to  the  top 
Eiirface  of  an  aerofoil,  and  bottom  eanibtr  Ui  the  bottom  surface;  mean 
camber  is  the  mean  of  theav  two. 
Canard  IFrench  "Duuk").     E^ly  type  of  monoplane  or  biplane  that  had  all 

auxiliary    surfacca    in    front    and    apparently    flew    backward.     So    called 

uA-ing  lo  its  resemblance  to  a  duck  in  Bight.     Long  since  obsolete. 
Capacity.     The  cubic  contents  of  a  balloon.     See  Loiul. 
Castellated  Hut    One  that  is  slotted  to  lake  a  cotter  pin  passing  through  a 

hole  in  the  bolt.     So  called  from  its  resemblance  to  an  ancient  castle  wall. 
Cftvilatioo.     Effect  of  revolving  a  propeller  at  an  excessive  speed  for  its  pit^h 

and  diameter,  creating  a  "hole"  so  to  speak.     The  Stud,  water  or  air,  is 

carried  round  by  the  blades  of  tht  propeller  in  the  same  plane  instead  of 

being  thrust  back. 
Center  of  Effort.     See  Center  of  Thrwil. 

Center  of  Gravity.     The  point  of  a  body  about  which  all  portions  are  balanced. 
Center  of  Lift.     A  mean  of  all  the  centers  of  pressure. 
Center  of  Pressure.     A  hne  along  the  under  side  of  an  aeroplane  surface,  on 

either  aide  of  which  pressures  ore  equal. 
Center  of  Pressure  of  Aerofoil.    The  point  in  the  plane  of  the  chords  of  an 

aerofoil,  prolonged  if  npc(«sary,  through  which  at  any  given  altitude  the 

line  of  action  of  the  resultant  air  force  passes.     (This  definition  may  be 

extended  to  any  Ixjdy.) 
Center  of  Thrust.    A  pc)iiii  or  line  along  which  the  thrust  of  the  propellers  is 

bnlunceil. 
Centigrade  Scale,     The  thermometer  scale  invented  by  Celsius,     Used  univer- 

Aiilly  in  scientific  work. 
Centripetal  Force,    k  force  tejiding  to  draw  things  toward  a  center  (as  opposed 

to  centrifugal  force). 
C.  G,  S.  Sy^em.     Abbreviation  for  centimeter-gram-second  system  of  meas- 
urement ;  the  standard  system  in  scientific  work. 
Chord.    An  imaginary  straight  line  connecting  the  ends  of  the  arch  or  camber 

of  a  plane. 
Chord: 

OJ  Aerofoil  Sectim.     A  right  line  tangent  at   the  front  and   rear  to  the 
under  curve  of  an  aerofoil  section. 

Length.     The  length  of  the  chord  is  the  length  of  llie  projection  of  the 
aerofoil  section  on  the  chord. 
Clevis.     A  U-shaped  shackle  or  fitting  tor  making  connections. 
Clinometer.     See  Indinometer. 
Clocbel'MII.     Bfi;-ehapeddeviceemployedinVVieftViviAi!tiKWt.\.    -S-™  *»***»■ 
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Clockwise.     An  engine  tiiat  liims  its  propeller  to  the  right  (direct  dnvt),  ni 
B  in  the  same  direction  aa  &  clock  lionil  rotat«8. 

Concentratioii  Ring.    A  hoD)>  to  nluch  are  attae^ed  the  ropee  aiupending  Ihr 
ba«iccl. 

J      Contact  Patrol.    Reeonnoissance  machines  accompanying  an  attacking  wave  to 
report  progress. 
Contnd,  Longitudiiud.    'This  consists  of  the  elevatint;  rudiler  and  its  operatmi 


i 


:\ 


Control,  Throttle.    Method  of  governing  the  p«iwer  at  t^e  engine  by  altHinf 

the  ar(^  uf  the  passage  leading  to  the  ailmisaion  valve  so  thai  the  aimMint 

of  the  fuel  introdui^il  into  the  eylmrier  ia  varied. 
CoDtToI,  Transverse.     Levers  and  connections  for  warping  the  wings  or  muv- 

ing  the  ailerons  to  maintain  transverse  stability. 
Control  Column.    The  vertical  lever  by  means  of  which  certain  of  the  priiin- 

pal  controls  ore  operated,  usually  those  (or  pitching  and  rolling. 
Control  Lever.     Single-atJck  type  of  control  termed  by  British   avIaUire  th» 

"joy  stick." 
Controls.     A  gen«-al  tenn  applying  to  the  means  provided  for  operating 

ileviccH  used  to  control  sliced,  direction  of  flight,  wnd  ailiiiide  nf  an 

craft. 
Critical  Speed.    Rate  of  travel  at  which  an  aeroplane  just  propels  and  nv- 

taina  itaelf  in  the  air. 
Crow's  Fliot.    A  system  of  diverging  abort  ropes  for  distributing  the  pull  of  i 

single  rope. 

D 

Dead  Surfaces.  Those  which  exert  no  lifting  power,  such  as  fins,  keels,  noo- 
lifting  tails,  etc. 

Decalage.  The  angle  between  the  chords  of  the  principal  and  the  tail  planra 
of  a  monoplane.  The  same  term  may  be  applied  to  the  correapondinf 
angle  between  the  direction  of  the  chord  or  chords  of  a  biplane  and  0" 
direction  of  a  tail  plane.  (This  angle  is  also  sometimes  known  as  tbr 
longitudinal  dihedral  of  the  two  planea.) 

Dep.  Control.  Deperdussin  type  of  yoke  control.  Generally  used  on  PYaKh 
and  American  machines. 

Depth.     Dimension  of  a  plane  parallel  to  ila  direction  of  flight. 

Dihedral  Angle.  Upward  inclination  of  the  planes  at  an  angle  to  eai^  otha 
in  the  form  of  a  V. 

Dihedral  in  Aeroplane.  The  angle  included  at  the  intersection  of  the  inu«- 
inary  surfaces  containing  the  chords  of  the  right  and  left  wings  (continued 
to  the  plane  of  symmetry  if  necessary}.  This  angle  is  measured  in  i 
plane  perpendicular  to  that  intersection.  The  measure  of  the  dihedral  ia 
taken  as  90  degrees  minus  one-half  of  this  angle  as  defined.  Tlie  dihedrd 
of  the  upper  wing  may  and  frequently  does  differ  from  that  of  the  lom 
wing  in  a  biplane. 

Direction  Rudder.    The  vertical  rudder  by  means  of  which  aa  aenqdane  v 

dirigible  ia  fptided  in  exactly  the  same  manner  as  a  ship. 
Dirigible.    SteeitAAe,    Anvtiite",  MBa^-j    «^;^i«&.  \is 
machines  whtdi  ma.^  \»  -pro^disA  mA  «i&Kft.. 
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Dirigible.  A  form  of  balloon,  the  outer  envelope  of  which  is  of  elongated 
form,  provided  with  a  propelling  system,  car,  rudders,  and  stabilizing 
surfaces. 

Non-rigid.    A  dirigible  whose  form  is  maintained  by  the  pressure  of 

the  contained  gas  assisted  by  the  car-suspension  system. 
Rigid.    A  dirigible  whose  form  is  maintained  by  a  rigid  structure  con- 
tained within  the  envelope. 
Semi-rigid.    A  dirigible  whose  form  is  maintained  by  means  of  a 
rigid  keel  and  by  gas  pressure. 
Disc.     The  total  area  swept  by  the  propeller  tips. 
Diving  Rudder.    See  Elevator. 

Dope.     A  general  term  applied  t-o  the  material  used  in  treating  the  cloth  sur- 
face of  aeroplane  members  and  balloons  to  increase  strength,  produce  taut- 
ncss,  and  act  as  a  filler  to  maintain  air-tightness;  it  usually  has  a  cellulose 
base. 
Double^  or  Dual,  Dep.    Twin  interconnected  Deperdussin  controls.    Used  on 

training  planes. 
Drag.    The  component  parallel  to  the  relative  wind  of  the  total  force  on  an 
aircraft  [due  to  the  air  through  which  it  moves.     That  part  of  the  drag 
due  to  the  wings  is  called  toirig  resistance  (formerly  called  drift);  that  due 
to  the  rest  of  the  airplane  is  called  parasite  resistance  (formerly  called 
head  reMstance). 
Drift.    The  resistance  of  an  aeroplane  surface  to  forward  movement. 
Drift.     See  Dra^.     Also  used  as  synonymous  with  Leeivay,  which  see. 
Drift  Meter.     An  instrument  for  the  measurement  of  the  angular  deviation  of 

an  aircraft  from  a  set  course  due  to  cross  winds. 
Drip  Cloth.     A  curtain  around  the  equator  of  a  balloon,  which  prevents  rain 

^  from  dripping  into  the  basket. 
Dual  Control.     See  Double  Dep.  Control. 


Elevating  Rudder.  A  horizontal  niddcr  or  plane,  the  angle  of  incidence  of 
which  may  be  altered  to  cause  an  aeroplane  or  dirigible  to  ascend  or 
descend. 

Elevator.     A  horizontal  rudder  for  steering  upward  or  downward. 

Elevator.  A  hinged  surface  for  controlling  the  longitudinal  attitude  of  an  air- 
craft, that  is,  its  rotation  about  the  transverse  axis. 

Empennage  (French).  Feathering  of  an  arrow,  applied  to  the  rear  stabilizing 
planes  of  a  dirigible. 

Empennage.     Tail,  all  that  part  of  an  aeroplane  back  of  the  main  supporting 
surfaces,  particularly  as  applied  to  a  monoplane.     See  TaU. 

Entering  Edge.    The  foremost  edge  of  an  aerofoil  or  propeller  blade. 
Envelope.    The  portion  of  the  balloon  or  dirigible  which  contains  the  gas. 
Equator.    The  largest  horizontal  circle  of  a  spherical  balloon. 
EquHibnttor.    A  device  designed  to  automaticaHy  vwswftOft  w  \^rx^»5».  "<^^ 
Amount  of  balloBt  of  a  dirigible  flying  over  vi«A«t.    OMK^fc^fc. 
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Factor  of  Safety.    Exoeas  atneogUi  of  a  part  ov«r  nuadmam  atreai  for  wlikli  it 

18  dengned.    Usual  airplane  factor  6  to  1. 
Fairiiig.    A  oovering  of  laminated  wood  or  sheet  aluminum  on  eaUes  or  other 

surfaces  to  stream-line  them. 
Fin.    (1)    A  vertical  surface  or  plane  designed  to  aid  the  lateral  atafaifity  of 

an   aeroplane.     Synonymous  with  bed.     (2)    Projections   cast  <a  the 

cylinder  of  a  gas  engine  to  assist  in  cooling. 
Fins.    Small  fixed  aerofoils  attached  to  different  parts  of  aircraft,  in  order  to 

promote  stability,  for  example,  tail  fins,  skid  fins,  etc.     Tli^  may  be 

either  horiiontal  or  vertical. 
fUifikt  Path.    The  path  oi  the  center  of  gravity  ol  an  aircraft  with  referenee  to 

the  earth. 
Float    That  portion  ctf  the  landing  gear  of  an  aircraft  which  provides  buogr- 

ancy  when  it  is  resting  on  the  surface  of  the  water. 
Flying  Boat    An  aeroplane  fitted  with  a  boat  hull  instead  61  a  fuadage  or  s 

nacelle,  the  hull  taking  the  place  of  the  usual  landing  gear  ol  a  land 

machine  or  the  floats,  or  pontoons,  of  a  seaplane. 
Following  Edge.    The  rear  edge  of  an  aeroplane  surface.    See  Trailing  Edgt. 
Following  Surface.    A  main  surface  that  is  preceded  by  another. 
Fore-and-Aft  Stability.    See  Longitudinal  Stability. 
Fuselage  (French).    The  framework  of  an  aeroplane  as  distinguished  from  the 

planes  themselves. 
Fuselage.    See  Body, 

Q 

Gap.  The  shortest  distance  between  the  planes  of  the  chords  of  the  upper 
and  the  lower  wings  of  a  biplane. 

Gas.  Matter  in  a  fluid  form  which  is  elastic  and  has  a  tendency  to  expand 
indefinitely  with  reduction  in  pressure. 

Gas  Bag.  A  gas-tight  bag  designed  to  contain  gas,  usually  applied  to  the 
envelope  of  a  balloon. 

Gas  Bag.    See  Envelope. 

Gauchissement  (French).    Warping. 

Glide.    To  fly  without  engine  power. 

Glider.    An  aeroplane,  without  motor  or  propeller,  for  use  in  gliding. 

Glider.  A  form  of  aircraft  similar  to  an  airplane  but  without  any  power 
plant.  When  utilized  in  variable  winds  it  makes  use  of  the  soaring  prin- 
ciples of  flight  and  is  sometimes  called  a  soaring  machine. 

Gliding.  The  combination  of  forward  and  downward  movement  of  an  aero- 
plane without  power. 

Gliding  Angle.  The  angle  assumed  by  the  aeroplane  in  flight,  when  the  power 
is  shut  off,  due  to  the  center  of  gravity  being  slightly  forward  of  the 
center  of  pressure. 

Gong.  A  loud  clear-sounding  bell  usually  operated  either  electrically  or  by 
foot  power. 

Gore.    One  of  the  8eg3re\«v\a  ol  \«XsnR  cftmvQKawtVSofc  «c£<i^ss;^. 
Ground  Clotti.    Caxivaa  p\acoi  ou  VX»  «^vffA  \ft  \!«N«*.  ^\Mi&s«»i. 


GLOSSARY 


aide  Rope.    The  long  trailing  rope  attachtiil  to  a  aphnricaJ  balloon  or  dirigi- 
ble to  serve  an  a  brake  and  as  a  variablo  ballast. 
Giij-     A  rofw,  chain,  wire,  or  rod  attached  to  an  object  to  guide  or  ateaily  it, 

such  as  guys  to  wing,  toil,  or  landing  gear. ' 
Gjrropiajie.     A  heavier-than-air  flying  machioe  lifted   by  rotating  oeruplanea. 

'     Same  as  HelicopUr. 
Gyroscope.     A  heavy  wheel  revolving  at  high  speed,   the  gjTOBcopic  elTect  of 

which  ia  employed  to  pve  automatic  stability. 
Gyroscopic  BSect.    Th&t  properly  of  a  rotating  body  by  virtue  of  which  it 
tends  to  mniutoin  it^  plane  of  rotation  against  all  disturbing  forces. 


H 


Synonymous  with 


9  movement  throu^  the  air. 
ic.,  preacnted  to  the  wind  and 


lying  machines  which  weigb 


Hangar  (French).     Building  used  for  hiirboring  acroplan 

nhfd,  loft.  ete. 
Hangar.     A  shed  for  housing  balloons  or  aeroplanes. 
Head  Resistance.     The  resiatanre  of  a  Burface  t 
Head  Surface.    The  etiges  of  the  planes,  struts,  e 

causing  resistance  to  Bight. 
Heavier-Than-AJr.     A  term  apphed  to  dynamic  t 

more  than  the  air  they  displace. 
Helicopter.    From  helix,  a  screw.    A  dynamic  heavier-than-air  flying  machine, 

designed  to  be  nuutained  by  the  effect  of  screws  or  propellers  mounted  on 

vpnjcal  axes  and  rotating  in  a  horiEontal  plane. 
Helicopter.     A  form  of  aircraft  whose  support  in  the  air  is  derived  from  the 

veriical  ihnisl  of  propellers. 
High-Tension  Current.     A  eiurcnt  of  high  voltage,  aa  the  current  induced  in 

tUf  fiC'ond^ir>'  circuit  of  a  spark  coil. 
Horiiontal  Component     Amount  of  force  acting  to  drive  the  aeroplane  ahead. 
Horizontal  Equivalent.    I'he  area  represented  by  two  surfaces  set  at  an  angle 

(o  one  flnolhcr,  ae  a  dihedral,  when  projected  on  a  horiEontal  plane. 
Horizontal  Rudder.     A  rudder  placed  horizontally  for  steering  in  a  vertical 

pl»,ie. 
Horn.     .\  short  arm  fastened  to  a  movable  part  of  an  airplane,  serving  as  a 

lever  arm,  tor  example,  (uleron  horn,  rudder  horn,  elevator  horn. 
Hovering.     That  method  of  flight  in  which  a  practically  fixed  position  in  the 

air  is  held. 
Hydroaeroplane.    An  aeroplane  fitted  with  Hoate  or  boats  and  de«gned  to 

arise  from  and  alight  on  the  water.    Usually  termed  either  a  Jtying  boat 

or  a  Maplane,   depending  upon  whether  it  is  fitted  with  a  boat  hull  or 

floats. 
Hydroplane,  or  Hydroplane  Float.    One  having  il«  under  surface  so  curved  that 

it  rises  and  skims  the  surface  of  the  water  when  travcUng  at  high  speed. 

I 

I     Incident  Angle.     See  Angle  of  Incidence. 

U^aUnometer.    An  instrument  for  measuring  the  ui%\e  iouIa  \r]  txvj  « 

^^K  airenJt.  with  the  iioruootaJ.     Often  caUed  &  Amam^Ja. 
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Inherent  Stability.     ^^tabiIity  of  an  aeroplane  tlut^  Ui  \i»  design   luid  orraiigi- 
mpiU  t)S  Huppurting  surfaces,  an  diittiiiguishod  frnm  iiiitumatic  stability  due   , 
to  an  extraneoUB  device  or  iittachnjent.. 
Inspection  Window.    A  small  transparent  wiiidnw  in  the  envelope  of  a  balloon 
or  in  the  wing  of  an  airi>luJie  to  allow  inspection  of  the  interior. 


K 

E.     SjTnbol  denoting  a  conntjUil,  or  cx»>ffi(;ient,  iieed  in  calculating  air  ramt- 

Kite.     .\  form  of  aircraft  withoiit  i)tli<^r  prcipi-iling  nieans  than  the  towline  pull, 
wIhjiw  Hupport  is  dcrivoi  frnm  ihc  torci"  itt  the  wind  nnoviag  past  its  »uf- 
:,  for  example,  a  kite  bidloull. 


iMoOttK  AiML    ktpmiMJIy  pnpand  nrfaoe  tot  Uw  ■lighting  of  flying  iniaiunw. 
LandlDC  0«ar.    Uw  taubntniotuie  of  so  tirtnti  deidgned  to  oMiy  the  load 

when  resting  on  or  running  on  the  surface  of  the  land  or  water. 
Lateral  Stability.    Stability  in  a.  lateral  direction,  or  from  aide  to  side. 
Leading  Edge.    See  £n(ennjr  Edge. 
Leeway.     Movement  at  right  angles  to  the  course  being  steered,  caused  by  the 

lateral  drift  of  the  atmoephere  or  by  centrigufal  force  acting  on  the  aero- 
plane in  rounding  a  turn- 
Leeway.    The  angular  deviation  from  a  set  course  over  the  euih,  due  to  croR^ 

currents  of  wind,  also  called  drift;  hence,  drift  meter. 
Uft.    The  sustaining  effect  of  a  wing  surface  or  aeroplane  surface. 
Lift.     The  component  perpendicular  to  the  rebtivo  wind,  in  a  vertical  planr. 

of  the  force  on  an  aerofoil  due  to  the  air  pressure  caused  by  motion 

through  the  air. 
Lift  Bracing.    See  Slay. 
Ughter-Tluui-Aii.     A   term   applied  to  an   airship  weighing  lees  than   the  air 

displaced  by  it. 
Load: 

Dead.    The  structure,  power  plant,  and  essential  accessories  of  an  aircraft. 

FuU.     The  maximum  weight  which  an  aircraft  can  support  in  flight;  the 
gross  weight. 

VaeJuL     The  excess  of  the  full  lood  over  the  dead  weight  of  the  aircraft 
itself,  that  is,  over  the  weight  of  its  structure,  power  plant,  and  essen- 
tial accessories,     (These  last  must  be  specified,)     , 
Loading.     See  Wing  Loading. 

Lobes.     Bags  at  the  stem  of  an  elongated  balloon  designed  to  give  it  direc- 
tional stability. 
IiOcus  (Latin),    Point,  or  place,  as  referred  to  in  describing  mov^nent  of  center 

of  pressure- 
Longeron.     .See  LonffUudiaal. 
Longitudiiul.    A.  (oTv«nd-all  member  of  the  framing  of  an  airplane  body,  or 

of  the  floats,  uBnefiv  wKiVARVuwa  wTOe»«.TNn!&*n  t«.>»ataof  aajqwrt. 
Longitudinal  Stabmtj.    ftv»w;vV^  ™  v\w>iwft\»s™i.  SiotJotk^. 
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LubricatiQo,  Splash.     Method  of  IiibriratinE  un  engine  by   feeding  oil   to  tlic 
(.Tiirikriujv  iinil  allowing   tLc   lower  tuige  of  the  conDccting  rod  lo  apliisli 


M 

Main  Plane.     Tlie  main  aupportlng  tnirfaou  of  on  acropkne. 

Heteoioloey.     TTie  science  that  treats  of  aljuoapheric  wnditions,  their  channes, 

ami  cfTects. 
Monoplane.     An  aeroplane  having  one  main  supporting  surface. 
Monoplane.     A  form  of  oerupliuie  whose  main  silppurting  eurface  h  a  single 

winu,  exleniiing  equally  on  each  side  of  the  body. 
Hoofing  Band.     The  bond  of  tape  aver  the  top  of  a,  balloon   to   which  are 

alturhed  the  mooring  ropes. 


N 

Nacelle.    See  Bodg.    Limited  to  pushers. 
Bet,     A  rJKging  made  of  ropes  and  twine  ■ 

the  entire  load  carried. 
Non-Lifting  Tail.    .\n  auxiliary  surface  at  the 

not  aid  in  the  support  of  the  machine- 


spherical  balloons  which  supports 


Omitbopter.     A  heavier-than-air,  or  dynamic,  flying  machine  in  whieh  flappioK 

wings  arc  used  for  lifting  and  propulsiun. 
Omithoptet.     A  form  of  aircraft  deriving  its  support  and  propelling  force  from 

flapping  wings. 


Panel.     A  section  of  the  wing  surface  of  an  aeroplane,  such  as  the  eenter,  or 

enf;ine,  panel  anil  the  outboard  panels,  comprising  the  assembly  units  of 

the  main  supporting  surfaces. 
Panel.     Tht;  unit  piece  of  fabric  of  which  the  envelope  of  a  balloon  is  made. 
Parachute.     An  apparatus,  made  Uke  an  umbrella,  used  to  retard  the  descent 

of  a  falling  body. 
Patch  System.     A  system  of  balloon  construction  in  which  patches  (or  adhesive 

flaps)  are  uited  in  place  of  Ihe  suspension  bund. 
Peripheral  Speed.    Rale  at  which  the  lips  of  the  propeller  blades  travel  in 

Permeability.     The  nieusufe  of  the  loss  of  gas  by  diffusion  through  the  intact 

balloon  fabric. 
Pilot.     The  operator  of  a  flying  machine.     Strictly,  one  who  is  licensed  by  an 

Piscifomi.     Fish-shaped,  as  applied  to  the  envclo|>e  of  a  dirigible. 
I^tch.     The  theoretical  distance  traveled  forward  or  backward  by  a  screw  pm- 
]K?Ucr  in  one  complete  revolution. 
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Pitchy  Nommifonii.  An  inoreMiiig  or  deomfling  pitoh,  m  m|ipiied  to  a  pio- 
peller  blade,  in  ooninrt  with  the  true  soraw. 

ntch  Coefficient    See  Piieh  Ratio. 

FHch  Ratio.    The  prop(atkm  that  the  pitch  of  a  propeller  bean  to  ite  diameter. 

Pitot  Tabe.  A  tube  with  an  aid  open  square  to  the  fluid  atreain  used  u  a 
detector  of  an  impact  preesure.  It  is  usually  aaBOdated  with  a  eoaiial 
tube  surrounding  it,  having  perf ora^tions  normal  to  the  axis  for  indicating 
static  pressure;  or  there  is  such  a  tube  pbujed  near  it  and  parallel  to  it, 
with  a  doeed  conical  end  and  having  perforatioDS  in  its  side.  The  veloc- 
ity of  the  fluid  can  be  djBtermined  from  the  difference  between  the  impact 
pressure  and  the  static  pressure,  as  read  by  a  qiitable  gage.  This  instru- 
ment is  (tf ten  used  to  determine  the  velocity  of  an  aircraft  through  the  air. 

Plane.    A  flat,  or  f^^prozimatdy  fiat,  surface. 

Pontoons.    See  Float. 

Propdler  Reaction.  The  tendency  oi  a  single  propeller  to  revolve  the  vdiiele 
to  which  it  is  attached  in  the  opposite  direction. 

Pusher.    See  Aeroplane. 

Pjflon  (French).    A  pole  placed  on  an  aviaUon  field  to  maris  the  oounse. 

Pylon.    A  mast  or  pillar  serving  as  a  marker  of  a  course. 

R 

Race  of  Propeller.    See  Slip  Stream. 

Reactive  Stratum.  The  stratum  of  air  which  is  compressed  beneath  an  aero- 
plane surface  or  behind  the  blade  of  a  propeller. 

Relative  Wind.  The  motion  of  the  air  with  reference  to  a  moving  body,  lis 
direction  and  velocity,  therefore,  are  found  by  adding  two  vectors,  one 
being  the  velocity  of  the  air  with  reference  to  the  earth,  the  other  being 
equal  and  opposite  to  the  velocity  of  the  body  with  reference  to  the  earth. 

Resiliency.  That  property  of  a  material  by  virtue  of  which  it  springs  back 
or  recoils  on  removal  of  pressure,  as  a  spring. 

Rib.     A  part  of  an  areoplane  to  give  the  correct  shape  to  the  wing  section. 

Rigid  Type  Dirigible.  An  airship  in  which  the  envelope  is  supported  on  a  frame 
and  docs  not  depend  upon  its  inflation  to  maintain  its  form. 

Rip  Cord.  The  rope  running  from  the  rip  panel  of  a  balloon  to  the  basket, 
the  pulling  of  which  causes  immediate  deflation. 

Rip  Panel.  A  strip  in  the  upper  part  of  a  balloon  which  is  torn  off  when 
immediate  deflation  is  desired. 

Rising  Angle.    The  angle  at  which  an  aeroplane  ascends. 

Rudder.     A  surface  for  steering. 

Rudder.  A  hinged  or  pivoted  surface,  usually  more  or  less  fiat  or  stream- 
lined, used  for  the  purpose  of  controlling  the  attitude  of  an  aircraft  about 
its  vertical  axis,  that  is,  for  controlling  its  lateral  movement. 

Rudder  Bar.    The  foot  bar  by  means  of  which  the  rudder  is  operated. 

Runner.  A  part  of  the  alighting  gear  used  in  place  of  wheels  and  resembling 
sled  runners.     Also  called  Skid. 

Running  Gear.  The  landing  chaesie,  or  frame  and  wheel  arrangement,  by 
means  of  wbicYv  lYie  Ok^rovWi^  t>YCA  «Nnii!i%\&:ft  ^g^iund  and  upon  which  the 
aeroplane  \anda  al  tVvfc  cndi  ol  ^  ^^v.» 
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teaplaiie.  A  particular  [arm  of  airi)liui(^  in  which  Ihe  Unding  gear  is  suited 
ta  opefatiun  from  the  water. 

iemi-tUcid  Type  Dirigible.  Oue  having  llie  car.  mototB,  etc..  supported  by  u 
n^fid  (rsLini^,  ihr  k""  ^^  depending  nn  its  inflntion  to  maintain  ite  form. 

ierpent.     A  short  heavy  guide  rope, 

iide  Slipping.  Sliding  downwiud  luid  inwurd  whrn  nmkmg  a  turn;  due  to 
pxcesBivc  bonking.     It  ia  tho  opposite  of  Skiddnif/. 

•ingle- Surfaced  Plmne.    Having  fabric  ou  upper  side  of  ribs  only. 

ikid.     fii.*'  Raitiier. 

ilddding.  Tt-iideiirry  of  an  aeroplane  to  make  leeway,  or  "slide  off",  in  round- 
ing n  turn  when  not  proporly  banked. 

ilddding.  Sliding  sideways  away  from  the  center  of  the  turn  in  flight.  It  is 
usually  enuaed  by  insuflieient  banking  in  a  turn  and  is  Ilie  opposite  of 
Side  Slipping. 

ikids.  Long  wooden  or  metal  runners  designed  lo  prevent  nosing  of  a  land 
machine  when  landing  or  t«  prfvent  dropping  into  holes  or  ditPhiw  in 
rough  ground.  Generally  designed  to  function  should  the  landing  gear 
i'ollaiB!e  or  fail  to  act. 

ikin  Friction.  The  resistance  aet  up  by  a  moving  surface,  such  as  that  of  the 
tnip|>orting  planes  or  propeller  blades. 

ilip.  The  reaction  of  a  propeller  on  the  air  by  which  it  is  enabled  to  create 
Ihnist. 

ilip  Stream,  or  Propeller  ftace.  The  stream  of  air  driven  aft  by  the  propeller 
with  a  VL-locity  relative  to  the  aeroplane  greater  than  that  of  the  surround- 
ing body  of  still  air, 

ioaricg  Flight.     Gliding  flight  in  an  upward  direction. 

ioftdng  Machine.     Bee  Glider. 

^peed,  Peripheral.     See  Peripheral  Speed, 

Ipan,  or  Spread.  The  maximura  distance  laterally  from  tip  to  ti|i  of  an  aero- 
plane wing,  or  the  lateral  dimension  of  an  aerofoil, 

potting.  Noting  the  fall  of  shells  from  an  aeroplane  or  kite  balloon  and 
reporting  to  the  batteries  the  necessary  corrections  in  the  range. 

itability.  A  quality  by  virtue  of  which  an  airplane  in  flight  tends  t«  return 
to  its  previous  altitude  after  a  alight  disturbance. 

IMnnUional.     Stability  with  reference  to  the  vertical  axis. 

Ounamiad.     The  quality  of  an  aircraft  in  flight  which  causes  it  to 

I  return  In  a  condition  of  equilibrium  after  iUs  attitude  has  bnen 

changed  by  meeting  some  disturbance,  for  eicamplc,  a  gust.    This 
return  to  equilibrium  is  due  to  two  tactora;  first,   the  inherent 
righting  moments  of  the  structure;  second,   the  damping  of  the 
oscillations  liy  the  tail,  etc. 
Inherent.    Stability  of  an  aircraft  due  to  the  disposition  and  arrange- 
ment of  its  fixed  part^,  that  is,  that  property  whieh  causes  it  to 
return  to  its  nomml  attitude  of  flight  without  the  use  of  the-  conlniU. 
tateral.     Stability  with  reference  to  the  lateral  axis,  that  is,  from  wing 
tjp  to  wing  tip- 
hangidiiud.     Stability   with  referrnce  to  the   (ore-oxuii-vl^,  «m   Vih^- 
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Statical.    In  wind  tunnel  experiments  it  is  found  that  there  k  a  defi- 
nite angle  of  attack  such  that  for  a  greater  angle  or  a  leas  one 
the  righting  moments  are  in  sueh  a  sense  as  to  tend  to  make  the 
attitude  return  to  this  angle.    This  holds  true  for  a  certain  lange 
of  angles  on  each  side  of  this  definite  angle;  and  the  «wiAt«w  jg 
said  to  possess  statical  stability  throui^  this  range. 
Stabilizer.    A  surfaoe  for  automatically  maintaining  balance. 
StabUiz^.    Any  devic^  designed  to  steady  the  motion  of  aircraft. 
Stabilizing  Fin.    A  vertical  auxiliary  surface  to  ^ve  lateral  stability. 
Stagger.    The  amount  of  advance  of  the  entering  edge  of  the  upper  wing  of  a 
biplane  over  that  of  the  lower  expressed  as  percentage  of  gap;  it  is  con- 
sidered positive  when  the  upper  surface  is  forward. 
Stalling.    A  term  describing  the  condition  of  an  airplane  which  fnnn  any 

cause  has  lost  the  relative  speed  necessary  for  control. 
Startfaig  RaiL    The  rail  upon  which  an  aeroplane  is  run  to  give  the  initial 
velocity  necessary  for  starting.    Obsolete. 

StatoBCope.    An  instrument  to  detect  the  existoioe  of  a  small  rate  of  assent 
or  descent,  principally  used  in  ballooning. 

Stay.     A  wire,  rope,  or  the  like  used  as  a  tie  piece  to  hold  parts  together  or  to 

contribute  stiffness,  for  example,  ike  stays  of  the  wing  and  body  trussing. 
Step.     A  break  in  the  form  of  the  bottom  of  a  float. 
Strata.     Well-defined  layers  of  moving  air  or  wind. 
Stream-Line  Flow.    A  term  in  hydromechanics  to  describe  the  condition  of 

continuous  flow  of  a  fluid  as  distinguished  from  eddying  flow. 
Stream-Line   Shape.     A  shape   intended   to  avoid   eddying  and   to   preserve 

stream-line  flow. 
Stream  Lines.     Easy  curves  from  head  to  tail  of  a  dirigible  or  aeroplane,  as 

in  the  pisciform  shape,  which  minimizes  head  resistance. 
Striae.     Literally  "streaks"  in  the  wind,  that  is,  narrow  strata  moving  at  a 

different  speed  or  in  a  different  direction  from  the  surrounding  air. 
Struts.     Vertical  supporting  members  between  the  main  planes  of  a  biplane. 
Struts.     Compression   members  of  a  truss  frame,   for  instance,   the  vertical 

members  of  the  wing  truss  of  a  biplane. 
Stunt  Fljring.     Looping,  side  or  tail  spinning,  etc.;  t€rm  generally  applied  to 

cniorgoncy  maneuvers  adopted  to  escape  an  attacking  plane.     Also  t<>rme<i 

Acrobatics. 

Supplementary  Surface.     A  surface  which  is  small  compared  with  the  main 
surfaces  of  an  aeroplane  for  steering  or  balancing. 

Suspension  Band.    The  band  around  a  balloon  to  which  are  attached  the 
basket  and  the  main  bridle  suspensions. 

Suspension  Bar.    The  bar  used  for  the  concentration  of  basket  suspension  ropes 

in  captive  balloons. 
Sustaining  Surface.     A  supix)rting  surface,  such  as  the  main  planes  and  tail* 

as  contrasted  with  a  vertical  surface  or  fin,  which  is  a  dead  surface. 
Sweep  Back.    The  XxomcmVtA  ^w^^  between  the  lateral  axis  of  an  aiiplane 

and  the  cntcTing,  w\^c  o^  V\v^  ^aa««v  ^\s«m». 


•n^ 


GLOSSARY  15 


TalL    The  rear  part  of  a- flying  machine  to  improve  its  stability  and  afford 

attachments  for  rudders  and  stabilizers. 
TaiL     The  rear  portion  of  an  aircraft,  to  which  are  usually  attached  rudders, 

elevators,  stabilizers,  and  fins. 
Tan  Cups.    The  steadying  device  attached  at  the  rear  of  certain  types  of 

elongated  captive  balloons. 
Tangential.    The  forward  inclination  of  the  lifting  force  under  certain  con- 
ditions, such  that  the  surfaces  tend  to  advance  into  the  wind. 
Thimble.    An  elongated  metal  eye  spliced  in  the  end  of  a  rope  or  cable. 
Thrust,  Djrnamic.    The  work  done  by  the  propeller  in  forcing  the  aeroplane 

ahead.     It  equals  the  weight  of  the  mass  of  air  acted  upon  per  second 

times  the  slip  velocity  in  feet  per  second. 
Thrust,  Static    The  work  done  by  the  propeller  when  forcing  a  column  of 

air  backward,  the  machine  being  stationary. 
Tractor.    See  Aeroplane. 
Tkactor  Screw.    A  propeller  placed  forward  to  draw  the  aeroplane  after  it, 

in  contrast  with  a  propulsive  screw ^  which  forces  it  ahead. 
Trailing  Edge.    The  rearmost  edge  of  an  aerofoil  or  propeller  blade. 
Trailing  Edge.     Rear  edge  of  a  plane  in  its  direction  of  travel. 
Triangulation.     A  method  of  ascertaining  the  height  of  an  object  by  sighting 

from  two  points  on  a  base  line  to  obtain  two  angles  of  an  imaginary  tri- 
angle.    Already  obsolete  in  aeronautics. 
Triplane.     An  aeroplane  having  three  superposed  supporting  surfaces. 
Triplane.    A  form  of  airplane  whose  main  supporting  surface  is  divided  into 

three  parts,  superposed. 
True-Screw  Propeller.    A  propeller  in  which  the  pitch  is  uniform,  as  in  a 

metal  screw  thread.     See  Pitch ^  Nonuniform. 
Ttoss.    The  framing  by  which  the  wing  loads  are  transmitted  to  the  body; 

comprises  struts,  stays,  and  spars. 

u 

Undercarriage.    See  Landing  Gear. 

Uniform  Pitch.  A  changing  an^le  of  blade  surface  from  hub  to  tip  of  a  pro- 
peller such  that  all  portions  of  the  propeller  blade  tend  to  advance  through 
the  air  at  the  same  speed. 

V 

Vertical  Component.  Amount  of  foroe  exerted  in  a  vertical  direction  and 
tending  to  lift  the  aeroplane. 

Vertical  Rudder.    An  upright  rudder  for  horizontal  guiding. 

Volplane  (French).  To  glide  down  from  a  height  in  an  aeroplane  with  the 
motor  stopped. 

Vortex.  A  whirUng  column  or  spiral  of  air,  usually  ascending,  due  to  tem- 
perature differences. 

w 

Warp.    To  change  the  form  of  the  wing  by  twisting  it. 
Wash-In.    The  reverse  of  Wash-Out. 

Wash-Out    A  permanent  warp  of  an  aerotoVi  svieYi  nXvqX  >(>[v<&  ^s^^  ^  ^&Xfis^^Ew 
decreasee  toward  the  wing  tips. 
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Weight,  Gross.     Sec  Load,  Full. 

Whirling  Table.  A  device  for  testing  planes  and  propcllere  by  revolving  than 
through  the  air. 

Wind  Timnel.  A  large  tube  uaod  for  cxp^rimeatiog  with  aurfaces  and  modeb 
and  ao  culled  becouse  a  current  of  air  or  wind  is  artificially  created  in  il. 

Wing  Flap.     See  Ailcrnn. 

Wing  Loading.     The  weight  carried  per  unit  area  of  supporting  surface. 

Wmg  Mast.  The  mast  structure  projecting  above  the  wing  to  which  the  top 
load  wires  are  attached. 

Winj  Rib.  A  fore-and-aft  member  c'  '""9  wing  structure  used  to  support  the 
covering  and  to  give  the  wing  set  ita  form. 

Wing  Skid.  A  small  akid  under  the  i.i|j  of  the  wing  to  keep  it  from  noDlaCI 
wifli  (he  RTOurid, 

Wing  Spar,  or  Wing  Beam.    A  transverse  member  of  the  wing  structure. 

Wing  Wheel.  A  email  wheel  under  the  end  of  the  wing  to  keep  it  from  eon- 
tact  with  the  ground. 

WlngB.    The  main  supporting  surfaces  of  an  aeroplane. 


Yaw.     To  Bwing  off  the  course  about  the  vertical  axis, 

Aiigk  of.     The  temporary  angular  deviation  of  the  fore-and-aft  a 
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